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(54) Tlfle: A METHOD FOR MAKING MULTISPECIFIC ANTTBGDIES HAVING HEIEROMULTTMERIC AND COMMON COM- 
PONENTS 

(57) Abstract 

The invention relates to a mediod of prepar- 
ing heteromultimeric polypeptides such as bispe- 
dfic antibodies, bispecific imnnmoadhesins and 
antibody-inununoadhesin chimeras. The inventicm 
also relates to the heteromultimers prq)ared usmg 
the method, (jenerally. the medKxi provides a mul- 
tispecific antibody having a common light chain 
associated with each heteromeric polypeptide hav- 
ing an antibody binding domain. Additioaally die 
metiiod further involves introducing into the muld- 
specific antibody a specific and complementaiy m- 
teraction at ttie interfisce of a first polypeptide and 
die mtcrface of a second polypqnide. so as to pro- 
mote heteromultimCT formation and hinder homo- 
multimer formation; and/or a free duo]-<ontaining 
residue at dte interface of a first polypeptide and 
a coTTBSponding free thiol-containing residue in 
the interface of a second polypeptide, such that 
a non-naturally occurring disulfide bond is fonned between the first and second polypeptide. The metliod allows for die enhanced fonmation 
of die desbed heteromultimer relative to undesired heteromultimeis and homomultimers. 
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A METHOD FOR MAKING MULTISPECIFIC ANTffiODIES HAVING 
HETEROMULTIMERIC AND COMMON COMPONENTS 

FIELD OF THE INVENTION 
This inventionrelatesto a methodformakingmuhispedficantibodieshavinghetero 
diain components and common light chain components such as bispecific antibodies, bispecific 
immunoadhesins,as well as antibody-immmioadhesmchimeras atid the heteromuWmeric polypeptides made 
using the method. . . 

BACKGROUND OF THE INVENTION 

Bispecific antihnrii^ 

I 

Bispedfic antibodies (BsAbs) wWch have binding specificities for at least 
significant potential in a wide range of clinical applications as targeting agents for in vitro and in vivo 
hnmmiodiagnosis and Aerapy, and for diagnostic immunoassays. 

In the diagnostic areas, bispecific antibodies have been very useful in probing die functional 
properties of cell surface molecules and m defining the ability of the different Fc receptors to mediate 
15 cytotoxicity(Fanger efaA, Crit Rev. Immunol 12:101-124 (1992)). Nolan craiL, Biochem. Biophys. Acta. 
1MI:1-1 1 (1990) describe other diagnostic ^plications for BsAbs. In particular, BsAhs can be constructed 
to immobUize enzymes for use in enzyme immunoassays. To achieve diis, one arm of the BsAb can be 
designed to bind to a specific epitope tm the enzyme so that binding does not cause enzyme inhibition, the 
other arm of the BsAb binds to the nnmobilizing matrix ensuring a high enzyme density at die desired site. 
20 Examplesof such diagnostic BsAbs inchide the rabbit anti-IgG/anti-flOTitin BsAb described by Hamm^ing 
c/ai.J.Exp.MeAJ2S:1461-1473(1968)whichwasusedto locate surface antiga^ BsAbs having binding 
specificities for horse radish peroxidase (HRP) as weU as a hormone have also been developed. Another 
potentialimmunochemicalapplicationforBsAbsinvolvestheiruse in two-site immunoassays. For example, 
two BsAbs are produced binding to two separate epitopes on die analyte protein - one BsAb bmds die complex 
25 to an insohible matrix, die otiier binds an mdicator enzyme (see Nolan et aL, supra). 

Bispecific antibodies can also be used for in vitro or in vivo immunodiagnosis of various diseases 
such as cancer (Songsivilaitffli. Clin. Exp. ImmunoL22:3 15 (1990)). To facilitatediis diagnostic use of die 
BsAb, one arm of die BsAb can bind a tumw associated antigen and die other arm can bind a detectable 
maricersQch as a chelator which tightiy bmds a radionuclide. Usmg diis approach, U Doussal e/ aL made a 
30 BsAb usefixl for radioimmunodetectionof colorectal and tiiryoid carcinomas which had one arm which bound 
a carcinoembryonicantigen (CEA) and anodicrarm which bound dietfiylaietriaminepentacetic acid (DPTA). 
See Le Doussal c/ at, Int J. Cancer Suppl.7:58-62(1992)andUDoussaIer< 

(1993). Stickney et aL snnilarly describe a strategy for detecting colorectal cancers expressing CEA using 
radioimmunodetection. These investigators desmbe a BsAb which binds CEA as well as 
35 hydroxy^hyhhiourea-benzyl-EDTA (EOTUBE>. See Stickney cr a/., CancCT Res. 11:6650^655 (1991). 

Bispecificantibodiescan also be used for human tiier^ym redirected cytotoxicity by providing one 
arm vidiich binds a target (eg. padiogen or tumor ceU) and anotiier arm which binds a cytotoxic trigger 
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molecule, sue* as the T<ell receptor or Ae Fey receptor. Accordingly, bispecific antibodies can be used to 
direaapatienfscelhUarinununedefensemechanismsspecificallyto Using 
this strategy, it has been demonstrated that bispecific antibodies ^^ich bind to the FcyRIU CD16) can 
mediate tumor cell killing by natural Idller (NK) cell/large granular lymphocyte (LGL) cells in vitro and are 
5 effective in preventing tumor growth in v/vo. Segalero/., Chem. Lnmunol.£Z: 1 79 (1989) and Sega! c/ oil. 
Biologic Therapy of Cancer 2(41 DeVita etaLed&. J.B. Lippincott, Philadelphia (1992) p. 1, Similarly, a 
bi^ific antibody having one arm which bmds FcyRIII and another which binds to the HER2 receptor has 
been developed for dierapy of ovarian and breast tumors that overexpress the HER2 antigen, (Hseih-Ma ei 
aL Cancer Research52:6832-6839(1992)and Weinercr a/. Cancer Research 52:94-100 (1993)). Bispecific 

10 antibodiescan also mediate killing by T cells. Normally, the bispecific antibodies link the CD3 complex on 
T ceUs to a tumor-associatedantigen. A foUy humanized F(ab)2BsAb consisting o^ linked to anti- 

pI85HER2 ijgj ^ target T cells to kill tumor cells overexpressingthe HER2 receptor. Shalaby cr a£, 

J. Exp. Med 125£1}:217 (1992). Bispecific antibodies have been tested in several early phase clinical trials 
with encouraging results. In one trial, 12 patients with lung, ovarian or breast cancer were treated widi 

15 mfusions of activated T-Iymphocytes targeted with an anti-CD3/anti.tumor (MCK^l) bispecific antibody. 
deLeij et a!, Bispecific Antibodies and Targeted Celhilar Cytotoxicity. Romet-Lemonne, Fanger and Segal 
Eds., Lienhart (1991) p. 249. The targeted cells mduced considerable local lysis of tumor cells, a mild 
inflammatory reaction, but no toxic side effects or anti-mouse antibody responses. In a very preliminary trial 
of an ana-CD3/anti-CD19 bispecific antibody in a patient wiA B-cell malignancy, significant reduction m 

20 perijAeral tumor cell counts was also achieved. Clark et aL Bispecific Antibodies and Targeted Cellular 
Cytotoxicity, Rom^-Lemonne,Fanga-andSegalEds.,Lienhart(1991)p.243. See also Kroesencf aJL. Cancer 
Immunol. Immunothw. 22:400-407 (1993X Kroescn e/dl, Br. J. Cancer 22:652-661 (1994) and Weinw & 
aL, J. Immunol, 152:2385 (1994) concerning therapeutic ^plications for BsAbs. 

Bispedficantibodiesmayalsobeusedas fibrinolytic agents or vaccine adjuvants. Furthermore,these 

25 andbodies may be used in the treatment of infectious diseases (eg. for targeting of efiector cells to virally 
mfected cells sudi as HIV or infiu^iza vims or protozoa such as Toxoplasma gondii), used to deliver 
immunotoxins to tumor cells, or target immune complexes to ceU surfece receptors (see Fanger et aL, supra). 

Use of BsAbshas been effectivelyhinderedby the difficuhyofobtainmgBsAbs in sufficient 
and purity. TVadidonally,bispecificantibodieswercmadeusinghybrid-hybridomatec^ (Millstein and 

30 Cuello,Nature 225:537-539(1983)). Becauseof the random assortment of nnmunoglobulin heavy and light 
chains, these hybridomas (quadromas) produce a potoitial mfacture of 10 different antibody molecules, of 
which only one has the correct bispecific structure (see Fig. 1 A). Hie purification of the correct molecule, 
which is usually done by affinity chromatogr^hy steps, is rathw cumbersome, and the product yields are low. 
See, for exanq>Ie, (Smith, W., et al, (1992) Hybridoma4:87-98; and Massimo, Y.S., cf a/. (1 997) J. Immunol 

35 Methods 221:57-66). Accordingly, tedmiques for the production of greater yields of BsAb have been 
developed. To achieve diemical coupling of antibody fi^ents, Brennan et ai.. Science 222:81 (1985) 
describe a procedure wherein mtact antibodies are proteolyticallycleaved to generate F(ab72 fiagments. These 
fragments are reduced m the presence of die dithiol complexing agent sodhnn arsenite to stabilize vicinal 
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dithiols and prevent intermolecular disulfide formation. The Fab* fragments generated are then converted to 
thionitrobenzoate (TNB) derivatives. One of the Fab-TNB derivatives is then reconverted to the Fab'-thiol 
by reduction with mercaptoethylamine and is mixed with an equimolar amount of the other FaV-1T4B 
derivativeto form the BsAb. The BsAbs produced can be used as agents for the selective immobilization of 
5 &izymes. 

Recent progresshas fecilitaiedthe direct recovery of Fab*-SH fragments from K colt which can be 
chemically coupled to form bispecific antibodies, Shalaby et aL. J. Exp. Med. 125:217-225 (1992) describe 
the production of a fully humanized BsAb F(ab72 molecule having one arm which binds pl85™^ and 
another arm which bmds CDS. Each Fab' fragment was separately secreted fitmi K colL and subjected to 
10 directed chemical couplmg in vitro to form the BsAb. The BsAb thus formed was able to bind to cells 
overe?q>ressmg the HER2 receptor and normal human T cells, as well as trigger the lytic activity of human 
cytotoxiclymphocytesagamsthumanbreasttumortargets. See also Rodrigues ef d^, InL J. Cancers (Suppl.) 
2:45-50(1992). 

Various techniques for making and isolating BsAb fragments directly from recombinant cell cultures 

15 have also been described. For example, bispecific F(ab72 heterodimers have been produced usmg leucine 
zq>pers (Kostebiy eiaL, J. hnmunoL148£5}: 1547- 1553 (1992)). The leucine zqjperpeptides from the Fos and 
Jun proteins were linked to the Fab' pcHtions of anti-CD3 and anti-mt^mikm-2 receptor (IL-2R) antibodies 
by gene fusion. The antibody homodimers were reduced at the hinge region to fcHm monomers and ttien 
reoxidized to form &e antibody hetmxlimers. The BsAbs were found to be highly effective in recruiting 

20 cytotoxic T cells to lyse HuT-102 cells in vitro. The advent of the "diabody" technotogy described by 
Hollingeref dl. PNAS (USA) 2Q:6444-6448( 1993) has provided an alternative mechanism for making BsAb 
fragments. The fragments comprise a heavy chain variable domain (V|{) connected to a light chain variable 
domam (V|J by a linker which is too short to allow pairing between the two domains on the same chain. 
Accordingly, the and domains of one fragment are forced to pair with the complementary Vj^ and V|| 

25 domains of another fragment, thereby forming two antigen-binding sites. Another strategy for making BsAb 
fragments by the use of single chain Fv (sFv) dimers has also been reported. See Gruber ef oil J.Immunol. 
122:5368(1994). Tliese researchers designed an antibody which comprised the V|| and V^^ domains of an 
antibody directed agamst tiie T cell recq)tor joined by a 25 ammo acid residue linker to the V}| and 
domains of an anti-fhioresceinantibody. The refbkled molecule bound to fluorescein and the T cell receptor 

30 and redirected the lysis of human tumor cells that had fluorescein covalently Imked to their surfece. 

It is appsKBt that several techniques for making bispecific antibody fragments which can be 
recovered directly from recombinant cell culture have been reported. However, fiiU lengtfi BsAbs may be 
preferable to BsAb fragments for many clinical appUcationsbecause of tiieir likely longer senmi half-life and 
possible effector functions. 

35 Hmm^oa^gsins 

Inmiunoadhesins(Ia's) are antibody-like molecules whidi combine the bindmg domain of a protein 
such as a cell-surfece receptor or a ligand (an "adhesin") with the effector functions of an immunoglobulin 
constant domain. Immunoadhesins can possess many of the valuable diemical and biological properties of 
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human antibodies. Since immunoadhesinscan be constructed from a human protein sequence with a desired 
specificity Imked to an appropriate human immunoglobulin hinge and constant domain (Fc) sequence, the 
bindingq)ecificityof interest can be achieved using entirely human components. Such inraiunoadhesins are 
minimal^ immunogenic to the patient, and are safe for chronic or repeated use. 
5 Immunoadhesins repotted in the literature include fusions of the T cell receptor (Gascoigne ei at. 

Proa Natl. Acad. Sci. USA M:2936-2940( 1 987)); CD4 (Capon et al. Nature 222:525-53 1 ( 1 989); Traunecker 
et al.. Nature 222:68-70 (1989); Zettmeissl et aL, DNA CeU Biol. USA 2:347-353 (1990); and Bym &al.. 
Nature 2M:667-670 (1990)); L-selectin or homing receptor (Watson et al,, J. Cell. Biol. 110:2221-2229 
(1990); and Watson et al. Nature 242:164-167 (1991)); CD44 (Aniffo et aL, Cell 61:1303-1313 (1990)); 
10 CD28 andB7(Lmsleyer fli, J. Exp. Med. 122:72 1-730(1 99 l));CTLA-4(Lisleyfiiai. J. Exp. Med. 124:561- 
569 (1991 )); CD22 (Stamenkovic er ai, CeU fifi: 1 1 33-1 144 (1^1)); TNF receptor (Ashkraazi et at, Proc. 
Natl. Acad. Sci. USA M:10535-10539 (1991); Usslauer et al, Eur. J. Immunol 22:2883-2886 (1991); and 
Peppel et a!., J. Exp. Med, 124:1483-1489 (1991)); NP receptors (Bennett et aL, J. Biol. Chem. 2fifi:23060- 
23067 (1991)); inteferon y receptor (Kuischner et d,, J. Biol. Chem. 267:9354-9360 (1992)); 4-lBB 
15 (Chalupny era/., PNAS (USA) 12:10360-10364 (1992)) and IgE receptor o (Ridgway and Goraian, J. Cell. 
Biol. Vol. Hi Abstract No. 1448 (1991)). 

Examplesof inununoadhesins which have been described for therapeutic use inchide the CD4-lgG 
inmiunoadhesin for blocking the bmding of HIV to cell-surface CD4. Data obtained fiom Hiase I clinical 
trials in whidi CD4-IgG was administered to pregnant women just before delivery suggests tiiat fliis 
20 immunoadhesin may be useful in the prevention of matemal-felal transfer of HIV. Ashkenazi er al, Imem. 
Rev. hnmunol. itt:219-227 (1993). An hnmunoadhesin which binds tumor necrosis factor (TNF) has also 
been developed. TNF is a proinflanunatoiy cytokine whidi has been shown to be a major mediator of septic 
shock. Based on a mouse model of s^c shodc, a TNF receptor hnmunoadhesin has shown promise as a 
candidate for clmical use in treating sq)tic shock (Ashkenazi et oL, svpra). Immunoadhesins also have non- 
25 Aerapeutic uses. For example, the L-selectin receptor immunoadhesm was used as an reagent for 
histochemicalstaming of peripheral lymph node high endothelial venules (HEV). This reagent was also used 
to isolate and characterize the L-selectin ligand (Ashkenazi et a/., siqjra). If flie two amis of the 
immunoadhesm structure have difiisrent specificities, the hnmunoadhesin is called a "bispecific 
immunoadhesin " by analogy to bispecific antibodies. Dietsch etoL.h hnmunol. Methods J£2;123 (1993) 
30 describe such a bi^cific immunoadhesin combuiing the extracelhilar domams of the adhesion molecules, 
E-selectin and P-selectin. Bindmg studies radicated diat the bispecific fanmunoglobulin fusion protem so 
formed had an enhanced ability to bind to a myeloid cell line compared to the mmiospecific immunoadhesins 
from which it was derived. 
Antibodv-Immunnadhesin chimeras 
35 Antibody-inraiunoadhesin (Ah/la) chuneras have also been described in the literature. These 

molecules combine the binding region of an inununoadhesm with the binding domain of an antibody. 

B&getaL, PNAS (USA) M:4723-4727( 1991) made a bispecific anlibody-immunoadh^in chimera 
which was derived fix)m murine CD4-IgG. ITiese workers constructed a tetrameric molecule having two arms. 
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One ann was composed of CD4 fus«5d with an antiTjody hcavy<hainconstantdomain.along with a CD4 fusion 
with an antibody light-chain constant domain. The other ann was composed of a complete heavy<hain of an 
anti-CD3 antibody along with a complete light-chain of flie same antibody. By virtue of Ae CIM-IgG am, 
this bispecific molecule bmds to CD3 on the sur&ce of cytotoxic T ccUs. TTie juxtaposition of the cytotoxic 
5 cells and HIV-infected cells results in specific kiUingofthe latter cells. 

WhUe Beig ef al. siqmt describea bispecific molecule that was tettameric in stnicture, it is possible 
to produce a trimerichybrid molecule that contains only one Cp4-IgG fiision. Sec Cha^^ 
151:4268 (1994). The first am of this constnict is fomed by a humanized anti-CD3 k light cham and a 
tannanizedanti-CD3 y heavy chain. The second am is a CD4-IgG famnunoadhesin which combines part of 
the extracellular domam of CD4 responsible for gpl20 binding with the Fc domain oflgG. Hie resultant 
Ah/la chhneramediatedkillingofHIV-infectedcells using eithei' pure cytotox^ preparations or whole 
peripheral blood lymphocyte (PBL) fractions that additionaUy included Fc receptor-bearing large granular 
lymphocyte effector cells. 

In the manu&ctureof the muhispecificamibody heteromuitnmTS,it is desirableto increase the yields 
of the desired heteromultimer over the homomuhimer(s). The cummt method of choice for obtaining Fc- 

containingBsAbremjiinsthehybridhybridoma, in which two antiTjodiesarecoexpressed^ 
Nature 2Q2:S37-540 (1983)). 

In hybrid hybrldomas, heavy (H) cbams typically fimn homodimen as well as the desired 

heterodimers. Additionally, light (L) chains fieeiuently mispair widi non-cognate heavy chains. Hence. 

coexpression of two antibodies may produce up to ten heavy and light chain pairings (Suresh, MJL, et al. 

MethodsEnzymoLJ2iai0-228(1986)). Hiese unwanted chain pairings compromise the yield of the BsAb 

and 'nevi«ablyimposesignificant,andsometimesinsumountable,purificationdiallenges(S^ (1992) 
suprcr, and Masshno, era/. (1997) n^wn). 

Antibody heavy chains have previously been engineered to drive heteiodnnerization by introducing • 
stericallycomplementaiymutationsin muhhnerization domains at the Ch3 domain interface (Ridgway et aL 
Protein Eng. 2:617-621 (1996)) and optimizationby phage display as described herein. Chains contaming the 
modified Ch3 domains yield up to approximately 90% heterodimer as judged by formation of an 
antibody/immunoadhesin hybrid (Abfla). Heterodimerized heavy chains may still mispair with the non- 
cognate light diain. dius hampering recovery of die BsAb of intoest 

SUMMARY OF THE INVENTION 
niis appUcationdescribesa strategywhich serves to enhance the fomationof a desired hetermnuhimeric 
bispecific antibody from a mixture of monomers by engineering an interiiice between a first and second 
polypeptideforhetero-oligomerizationand by providing a common variable light chain to interact with each 
of die heteromeric variable heavy chain regions of the bispecific antibody. There are three possible hetero- 
and bomomultimers that can fom from a first and second polypeptide, each of which U, in tmn. associated 
with a first and second light chain, respectively. This gives rise to a total of ten possible cham pairings (Fig. 
1 A). A mediodof enhancingthe fomationof die desired heteromultimer can greatly enhance the yield over 
undesired heteromultimers and bomomultimers. 
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The preferred interface between a first and second polypeptide of the heteromultimeric antibody 
comprises at least a part of the CjP domain of an antibody constant domain. The domain of each of the first 
and second polypeptides that interacts at the interfece is called die multimerization domain. Preferably, the 
multimerizationdomain promotes interaction between a specific first polypeptide and a second polypeptide, 

5 thereby increasingthe yield of desired heteromuftimer(Fig. IB). Interaction may be promoted at the interfiace 
by the formationof protuberance-into-cavitycomplementaryregions;the formation of non-naturally occurring 
disulfide bonds; leucine zipper, hydrophobic regions; and hydrophilic regions. "Protuberances" are 
constructed by replacing small amino acid side chains from die interface of the first polypeptide with larger 
side diains (e^. tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the 

0 protuberancesare optionally created on the interfaceof die second polypeptide by replacing large amino acid 
side chains widi smaller ones (eg. alanine or direonme). Where a suitably positioned and dimensioned 
protuberance or cavity exists at the inter^u:e of eidier the first or second polypeptide, it is only necessary to 
engmeer a corresponding cavity or protuberance, respectively, at die adjacent interface. Non-naturally 
occurring disulfide bonds are constructed by replacing on die first polypeptide a naturally occurring amino 

5 acid with a free diiol-containing residue, such as cysteine, such that the free thiol intoacts widi anodier free 
diiol-containingresidue on die second polypeptide such diat a disulfide bond is formed between die first and 
second polypeptides (Fig. IB). 

Single chain Fv fragments from a large non-hnmunizedphage display library (Vaughan, T J. et al. (1996) 
Nature Biotechnology H:309-3 14,herein incorporated by reference in its entirety) revealed V-gene usage in 

0 which and sequences derived from certain germline V-gene segments predominated, families 
predominated in die repertoire. Examples of diain promiscuity in the repertoire were noted m which a 
particular heavy or light chain is found in combmation with difiTerent partus chams (Vaughan, TJ. et al. 
(1996) «^). 

It is disclosed herein that the prq>aratiQn of a desired heteromultimeric multispecifrc antibody is 
5 enhanced when a commoq light chain is provided to pair with each of the variable heavy diains of the 
muitispecific antibody. Use of a common variable light chain reduces die number of monomers diat must 
correcdy pair to form die andgen binding domains by limiting the number of light chains from two or more 
light chams (in a bispecificormultispecificantibody, respectively, prior to disclosure of die mstant invention) 
to one light diain (in a muitispecific antibody of the invention, see Fig. IC). 
0 AccQrdmgly,die invention relates to a mediod of preparing a heteromultimeric muitispecific antibody, 

die antibody comprismg 1) a fust polypeptideand a second polypeptide (and additional polypeptides accord 
to the multiplicity of the antibody) which meet at an interface, wherein the first and additional polypeptides 
(l&, a first and second polypeptide) each inchide a multimerizationdomain forming an interface between the 
first and second (or at lea^ one additional) polypeptides, and the multimerization domains promote stable 
S interactionbetweenfirstandadditionalpolypeptides,aiid 2) a binding domam in each of the first and at least 
one additional polypeptide {Le. a second polypeptide^ each binding domain comprising a variable heavy 
chain and a variable light chain, wherein the variable light chain of the first polypeptide and the variable Hght 
chain of die second polypeptide have a common amino acid sequence, which common sequence has an amino 
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acid sequence identity to an original light chain of each of the polypqjtidesofat least 80%, preferably at least 
90%, more preferably at least 95% and most preferably 100% sequence identity. Hie method comprises tfie 
steps of 

(0 culturinga host cell comprising nucleic acid encoding the first polypeptide, tiie second 
5 polypeptide, and the common light chain.wherem the culturing is such that the nucleic acid is expressed; and 
(ii) recovering the muhispecific antibody from die host cell culture; 
i In a related embodiment of the invention Ae nucleic acid encoding the first polypeptide or 

the nucleic acid encoding die second polypeptide, or both, has been altered from die original nucleic acid to 
encode the intedacc or a pordon thereof. 

10 In anotho- embodiment of the method, the interface of the first polypeptide comprises a free diiol- 

containing residue whidi is positioned to interact widi a fiiee thiol-containing residue of the inter&ce of the 
second polypeptide such diat a disulfide bond is formed between the first and second polypeptides. According 
to the invention, the nucleic acid encoding the first polypq)tidehas been altered from die original nucleic acid 
to encode the free thiol-containing residue or the nucleic acid encoding die second polypeptide has been 

1 5 altered from the original nucleic acid to encode die free thiol-containing residue, or both. 

In another emboclhnentof the method, the nucleic acid encoding both the first polypeptide and at least 
one additional polypeptide (le, a second polypeptide) are ahered to encode the protuberance and cavity, 
respectively. Preferably die first and second polypeptides each comprise an antibody constant domain such 
as the Ch3 domain of a human IgG]. 

20 In anodier aspect, die invention provides a heteromultima* (such as a bispecific antibody, bispecific 

immunoadhesin or antibodyAmununoadhesinchime^)compri5inga first polypeptid 
which meet at an interface. The interface of the first polypeptide comprises a muhimerization domain which 
is positioned to mteract wtdi a multimerizationdomain on die at least one additi(uialpolypeptide(^eL, a second 
polypeptide) to form an mterfece between die first and second polypeptide. In prefiaied embodiments of die 

25 nivention,the multimerizationdomams are altered to promote interaction between a specific fh^ polypeptide 
and a ^>ecific second polypeptide, which alterations mchide, but are n(A limited to, die generation of a 
protuberanceor cavity, or botii; die generation of non-naturally occurring disulfide bonds; die generation of 
complementary hydrophobic regions; and die generation of complementary hydrophilic regions. TTie 
hrteromultimeric multispecfic antibody may be provided in the form of a composition further comprising a 

30 pharmaceutically acceptable earner. 

The invention also relates to a host cell comprising nucleic acid encoding die heteromultimeric 
multispecificantibody of die preceding paragraph wherein die nucleic acid encoding die first polypeptide and 
at least one additional polypeptide (ie, a second polypeptide) is present in a single vector or in separate 
vectors. The host cell can be used in a mediod of makmg a heteromultimeric muhispecific antibody which 

35 involves culturing die host cell so that die nucleic acid is expressed, and recovering the heteromuhimraic 
antibody from the ceU culture. 

In yet a further aspect, die invention provides a mediod of preparing a heteromultimeric multispecific 
antibody comprising: 
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(a) selecting a fust nucleic acid encoding a first polypeptide comprising an amino acid residue 
in the interface of the first polypeptide that is positioned to interact with an amino acid residue of interface of 
at least one additional polypeptide. In an embodiment the nucleic acid is altered from the original to encode 
die interacting ammo acid residues. In another embodiment, the first nucleic acid is aitmd to encode an 

5 amino acid residue havmg a larger side cham volume, diereby generating a protuberance on the fust 
polypeptide; 

(b) altering a second nucleic acid encoding a second polypeptide so that an amino acid residue 
in tiie inter&ceof the second polypeptide is replaced with an amino acid residue having a smaller side chain 
vohnne, thereby generadng a cavity m the second polypeptide, wherein the protuberance is positioned to 

10 interact whh die cavhy; 

(c) introducing into a host cell the first and second nucleic acids and culturing die host cell so 
that expression of the first and second nucleic acid occurs; and 

(d) recovering the heteromuhimeric antibody formed from the cell culture. 

It may also be desirable to construct a multispecific antibody (such as a bispecific antibody) that 
15 incorporates a previously identified antibocfy. Under these circumstances it is desirable to identify a heavy 
chain that when paired widi the original light chain will bind specifically to a second antigen of interest The 
methodsof Figinier a/. (Figini,M. eia!. (1994) J. Mol. Biol. 222:68-78, herein inc(»porated by reference in 
its entirety) may be used to identify such a heavy chain. First a phage library would be treated with guanidine 
hydrochloride to dissociate the original light chain. Next, the heavy chains displayed on phage would be 
20 reccmstituted with the ligjit chain of interest by removing the denaturant (such as by dialysis). Panning against 
the second antigen of interest would dien be conducted to identify the desired heavy chain. The invention 
further embodies a multispecific antibody prepared by this method of selecting a heavy chain to pair with a 
diosen light chain, nucleic acid encodmg the antibody, and a host cell comprising the nucleic acid. 

The invention provides a mechanism fcM* increasmgthe yields of the heteromultimer over otherunwanted 
25 end-products such as undesired heteromultimers and/or homomultimos (see Fig. 1 A-IC). Preferably, the 
yields of the desired heteromuhimerrecovered from recombinant cell culture are at least greater than 80% by 
weight and preferably greater than 90% by weight compared to the by-product undesired beterodhner or 
homomultimer(s). 

Brigf PggcriptiQn pf ftg PrawiffK 

30 Figs. lA-lC. Fig. lA is a diagram of die formadtm of Fc-containing bispecific antibodies when no 

engineoingisperformedto enhance heteromultimerizationoverhomomultimerization. Fig. IB is a diagram 
showing pairing that occurs vfhea heavy (H) chains are engineered such that desired heteromuhhnerization 
is favored over undesired heteromultimerization over homomultimerization. Fig. IC is a diagram showing 
pairing that occurs when antibodies are chosen which share the same light (L) chain to circumventthe problem 

35 of light chains pairing with non-cognate heavy chains. 

Figs. 2A-2C. Fig. 2A diagrams a selection sdieme for C^^S beterodhner using phage display vector, 
pRAZ Phage displayingstableC^heterodimersarec^tured using an ^tibody directed to the gDf Fig. 
2B diagrams a dicistronic operon in v/hich C^S cjqjressed from a synthetic gene is co-secreted with a second 
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copy of C()3 expressed from the natural gene (Ellison et al. Nucleic Acids Res. l£:4071-4079 (1982)) as a 
fusion protein widi Ml 3 gene III protein. The synthetic C^3 gene is preceded by a sequence encoding a 
peptide derived from herpes simplex virus glycoproteinD (gD flag, Lasky, L. A. and Dowbenko, D. J. ( 1 984) 
DNA 2:23-29; Bennan, P. W. et al, ( 1 985) Science222: 1 490- 1492 and a cleavage (G) site for the site-specific 

5 proteascGenenasel (CaitCT,?. e/a/. (1989) Proteins: Structure, Function and Genetics g:240-248). Fig. 2C 
is the nucleic acid sequence of the dicistronic operon (SEQ ID NO: 1 ) of Fig. 2B in which the residues m the 
I translated C^3 genes are munbered accordmg to die Eu system of Kabat et al. In Sequences of Proteins of 
Immunological Interest, 5th ed. voL J, pp. 688-696, NIH, Betiiesda, MD (1991). Protuberance mutation 
T366W is shown, as are the residues targeted fw randomization in the natural 0^3 gene (366, 368, and 407). 

1 0 Figs. 3A-3C. Figs. 3 A and 3B are bar grs4)hs of the results of scanning densitometric analysis of SDS- 

PAGE of protein A-purified products from cotransfection of antibody (Ab) heavy and light chains with 
immunoadhe5in(Ia). Data presented are the mean of two independent experiments. The x-axis indicates the 
ratios of input DNA by mass (Ia:H:L)and Ac y-axis mdicatesthe percentage of each type of product multimer 
with respect to total {nroduct |Hotem. Fig. 3C is a diagram of the possible product multimers. 

1 5 Fig. 4 is a comparison of the Vl sequences of eight different antibodies with specificities for Axl, Rse, 

IgER, Ob-R, and VEGF. The position of the antigen binding Q>R residues according to sequence definition 
(Kabat et aL (1991) supra) or structural defmition(Chothia,C. and Lesk, A.M. J. Mol. Biol. (1987) 196:901- 
91 7) are shown by underliningand #, respectively. Residues that differ from the Axl.78 sequence are shown 
by double und^iining. 

20 Fig.5isacomparisonofd]eheavyandUghtchauuofselectedanti-pb-Randanti-I^ Shown 

are the and the common V^^ sequences of anti-Ob-R clone 26 and anti-H£R3 clone 1 8 used to construct 
a bispecifrc antibody. 

Fig. 6. Sandwich ELISA for detection of sunultaneousbmding to Mpl-IgG and HER3-IgG. Antibodies 
tested were the anti-Mpl x anti-HER3 BsIgG containing the mutations, 

25 Y349C:T366S±368A:Y407V/T366'W:S354'Cjogetherwith conespondmg parental anti-Mpl or anti-HER3 
IgG widi mutated Fc regions. 

Fig. 7 is a bargr^h of die results of an antibody-dependent ceU-mediated cytotoxichy (ADCC) study. 
ADCC was mediated by huMAb4D5-5 (Carter, P. et al. (1992) PNAS USA 42:4285-4289) contaming eiflier 
a mutant (S354C:T366W/Y349'C:T366'S:L368'A:Y407V) or wild-type Fc or an isotype-matched control 

30 antibody (E25, Presla, L.G. et al. (1993) J. Immunol. 151:2623-2632). The antibodies (125 ngAnl) were 
incubated with human peripheral blood mononuclear effector cells and SK-BR-3 target cells at the ratios 
shown. Data presented are the mean of triplicate measurCTents and representative of three separate 
experiments. 

Fig. 8 is a matrix representing the amino acid sequence identity between the light chams of antibodies 
35 raised to HER3 versus the light chains of antibodiesraised to Ob-R. Antibodieshaving light diains wiA 1 00% 
sequence identity are indicated m blackoied boxes. Antibodies having light chains with 98-99% sequence 
. identity are indicated in white boxes. The antibody clone id^tity is indicated below the matrix. 
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I. Pgfinitiw 

In general, the foliowtng words or phrases have the indicated definitions when used in tiie description, 
examples, and claims: 

A "heteromultimer", "heteromuhimeric polypeptide", or"heteromuitimeric multispecific antibody" is 

5 a molecule comprising at least a first polypeptide and a second polypeptide, wherein the second polypeptide 
difTers in amino acid sequence from the first polypeptide by at least one amino acid residue. Preferably, the 
heteromultimerhas binding specificity for at least two different ligands or binding sites. The hetercmiultimer 
can comprise a ^lieterodimer" formed by the first and second polypeptide or can form higher order terdary 
structures where polypeptidesin addition to the first and second polypeptide are present Exemplary structures 

1 0 for the betoomuhimer include heterodimers (eg. the bispecific immunoadhesin described by Dietsch er a/., 
supra)f heterotrimers (e.g. the Ab/Ia chunera described by Chamow ei aL, st^ra\ heterotetramers (e.g. a 
bispecific antibody) and fur^er oligomeric structures. 

As used herem, '^ultimerization domain** refers to a region of each of the polypeptides of the 
heteromultimer. The '^ultunerizationdomain** promotes stable interaction of die chimeric molecules within 

IS the hetercnnultimercomplex. Preferably,themuItimerizat]ondomainpromotesinteractionbetween a specific 
first polypeptide and a specific second polypeptide, thereby enhancing the formation of &e desired 
heteromuhtmer and substantially reducing the probability of die formation of undesired heteromuhimers or 
homomultimers. The multimerization domains may interact via an immunoglobultnsequence, leucine zipper, 
a hydrophobic region, a hydrophilic region, or a free thiol which forms an tntemiolecular disulfide bond 

20 between die chimeric molecules of the chimeric heteromultimer. Hie free thiol may be introduced into die 
interface of one or more interactmg polypeptides by substituting a naturally occurring residue of Ifae 
polypeptide with, for example, a cysteine at a position allowing for the formation of a disulfide bond between 
the polypeptides. The multimerizationdomain may comprise an immunoglobulinconstant region. A possible 
multimerizationdomain useful in the inesent invention is disclosed in PCT/US90/06849 (herem incorporated 

25 by reference in its entirety) in which hybrid immunoglobulins are described. In addition a multimerization 
region may be engineered sudi that steric interactions not only promote stable interaction, but further promote 
the formation of heterodimers over homodimers from a mbcture of monomers; See, for example, 
FCT/US96/01598 (herein incorporated by reference m its entirety) in which a "protuberance-into-cavity" 
strategy is disclosed for an interface between a first and second polypeptide for hetero-oligomerization. 

30 "Protuberances** are constructed by replacing small amino acid side chains from the mterface of the first 
polypeptide witii larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities** of identical or 
similar size to the protuberancesare optionally created on the interface of the second polypeptide by replacmg 
large amino acid side chains with smaller ones (e.g. alanine or threonine). The immunoglobulin sequence 
preferably, but not necessarily, is an immunoglobulin constant domain. Tlie immunoglobulin moiety in the 

35 diim^as of the present invention may be obtained from IgG|, IgG2, IgG3 or IgG4 subtypes, IgA, IgE, IgD 
or IgM, but preferably IgGj, lgG2, IgG3 or IgG4. 
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By "free thiol-containingCQmpound" is meant a compound that can be incwporated into or reacted with 
an amino acid of a polypeptide interfece of tfie invention such that the free tfiiol moiety of the compound is 
positionedto interact wiA a finee thiol of moiety at the interface of additional polypeptide of the hvention to 
form a disulfide bond. Preferably, the free thiol-containing compound is cysteine. 

The temi "epitope tagged" when used herein refers to a chuneric polypeptide comprising the oitire 
chimeric heteroadhesin,or a fragment diereot fiised to a "tag polypeptide". The tag polypeptide has enough 
residues to provide an epitope against which an antibody can be .made, yet is diort enough such that it does 
not interferewith actiWty of the chimeric heteroadhesin.The tag 

the antibody thereagainst does not substantially cross-react with other epitopes. Suitable tag polypeptides 
generally have at least 6 amino acid residues and usually between about S-50 amino acid residues (preferably 
between about 9-30 residues). An embodimentofAe invention encompasses a chimeric heteroadhesin Imked 
to an epitope tag. which tag is used to detect Ae adhesin in a sample or recover the adhesin from a sample. 

As used horein, "common light cham" or "common amino acid sequence of the light chain" refers to die 
amino acid sequence of the light chain in the muhispecific antibody of the invention. Panek of antibodies 
1 5 were generatedagamst at least two different antigens by panning a phage display library such as that described 
by Vaughan. et ai. (19^6) st^ra, herein incorporated by reference in its entirety widi particular reference to 
the raediod of selection of the phagemid h*brary). The Ught chain sequences were compared with respect to 
the variable light diain amino acid sequences. Usefullight chains from the compared paneb are those having 
amino acid sequence identityof at least 80%, preferably at least 90%. mwe preferably at least 95%, and mo^ 
preferably 100% identity. A common light chain sequence is a sequence designed to be an approximation of 
the two compared light chain sequences. Where the compared Ught chams are 100% sequence idendcal at the 
amino acid level, die conmion light chain is identicalto the light chaim from die select library clones, even 
diough the Ught chain functions in a different bmding domain of the muhispecific antibody. Where the 
compared Ught chains differ as described above, the common light chain may diffisr from one or die oAer, or 
25 both, of the compared li^t chains from die library clones. In a case in" which die common light chain differs 
from one or die odier, or bodi of die library clones, it is preferred tiiat die differing residues occur outside of 
tiieantigenbindingCDRresiduesofdieantibodyUghtchain. For example, die position ofthe antigen binding 
CDR residues may be determined accordmg to a sequence definition (Kabat et al. (1991) siq^rd) or structural 
definition (Chodiia and Lesk (1987) J. MoL Biol. 196:901-917). 
30 As used herein, "amino acid sequoice identity" refers to die percentage of die amino acids of one 

sequence are die same as die amino acids of a second amino acid sequence. 100% sequence identity between 
polypeptide chains means that the diains are identical 

As used herein, "polypeptide"refers generally to peptides and proteins having more dian about ten ammo 
acids. Preferably. mammaUan polypeptides (polypeptides diat were originally doived from a mammaUan 
35 OTganism)are used, more preferably diosewhidi are directly seoeted into die medium. Examples of bactaial 
polypeptides inchide. e.^., alkaUne phosphatase and P-lactamase. Examples of mammaUan polypeptides 
inchide molecules such as raiin, a growtii hormone, inchiding human growtii hormone; bovine gnnrth 
hormone; growdi horaione releasing factor, paradiyroidhoimone; diyroid stimulating hormone; Upoproteins; 
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alpha- l-antitrypsin; insulin A-chain; insulin B-chain; proinsulin; follicle stimulating hormone; calcitonin; 
hiteinizing hormone; ghicagon; clottmg factors such as ^or VIIIC, factor IX, tissue factor, and von 
Willebrands factor, anti-clotting factors such as Protein C; atrial natriuretic factor; hmg sur&ctant; a 
plasminogen activator, such as urokinase or human urine or tissue-type plasminogen activator (t-PA); 
5 bombesin; thrombin; hemopoietic growth factor; tumor necrosis factor-alpha and -beta; enkephalinase; 
RANTES (regulated on activation normally T-cell expressed and secreted); human ma^ophage inflammatory 
protem (MIP-1 -alpha); a serum albumin such as human serum albumin; Muellerian-inhibiting substance; 
relaxin A-cham; relaxin B-chain; proreiaxin;mouse gonadotropin-associatedpeptide;a microbial protein, such 
as beta-iactamase;DNase; inhibin; activin;vascularendothelial growth factor (VEGF); receptors for hormones 

10 or growA Actors; integrin; protein A or rheumatoid factors; a neurotrophic factor such as bone-derived 
neurotrophic fector (BDNF), neurotrq3hin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth 
fEu:tor such as NGF-P; platelet-derived growth factor (PDGF); fibroblast growth fector such as aFGF and 
bFGF; epidermal growth fector (EGF); transforming growdi fector (TGF) such as TGF-alpha and TGF-beta, 
including TGF-pl, TGF-P2, TGF-p3. TGF-p4, or TGF-P5; insulin-like growA fector-I and -U (IGF-I and 

1 5 IGF-II); des(l-3)-IGF-I (brain IGF-I), insulin-likegrowth fector binding protems; CD proteins such as CD-3, 
CIM, CD-8, and CD- 1 9; eiythropoietin;osteoinductivefactors; immunotoxins;a bone morphogeneticprotein 
(BMP); an mtCTfCTonsuch as interferon-alpha,-beta, and -gamma; colony stimulating factws (CSFs), e.g., M- 
CSF, GM-CSF, and G-CSF; interieukins (ILs), e.g., IL-1 to IL-10; superoxide dismutase; T-cell receptors; 
surfece membrane |Hoteins; decay accelerating fector; viral antigen such as, for example, a portion of the 

20 AIDS envelope; transport proteins; hommg receptors; addressins; regulatory proteins; antibodies; and 
fragments of any of the above-listed polypeptides. 

The "first polypeptide" is any polypeptide which is to be associated witii a second polypeptide. The first 
and second polypeptide meet at an "interfece" (defined below). In addition to tiie mterface, the first 
polypeptide may comprise one or more additional domains, such as "binding domains" (eg. an antibody 

25 variable domain, receptor bindmg domam, ligand binding domain or enzymatic domain) or antibody constant 
domains (or partsthereoOmcludnigC^,C|jl and C]^ domains. Normally,tiie first polypeptide will comprise 
at least one domain whidi is derived from an antibody. This domain conveniently is a constant domain, such 
as the C}]3 domain of an antibody and can form tiie interfece of die first polypeptide. Exemplary fir^ 
polypeptides include antibody heavy chain polypeptides, chimeras combining an antibody constant domain 

30 widi a bindmg domain of a heterologous polypeptide {Le. an immunoadhesin, see definition below), receptor 
polypeptides (especially those which form duners with ahotiier receptor polypeptide, e.g,, interieukin-8 
receptor (IL-8R) and integrin heterodhners (e.g. LFA-1 or GPIIIh/IIIa)), ligand polypeptides (eg. nerve 
growth fector (NGFX neurotrophin-3 (NT-3), and brain-derived neurotrophic fector (BDNF) - see Arakawa 
etoL J.BioI.Chem.2fi2^: 27833-27839(1994)andRad2iejewskie/a£ Biochem. 32f48y - 1350 (1993)) and 

35 antibody variable domain polypeptides (eg. diabodies). The preferred first polypeptide is selected from an 
antibody heavy chain fused to a constantdomain of an immunoglobulin, wherein tiie constant domain has been 
altered at the intoface to promote prefoiential mteraction with ai second polypeptide of the invention. 
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The "second polypeptide" is any polypeptide which is to be associated with the first polypq)tide via 
an **inter&ce". in addition to tiie inter&ce,tfae second polypeptide may comprise additional domains sudi as 
a "binding domain" (e.^. an antibody variable domain, receptor binding domain, iigand bmding domain or 
enzymatic domain), or antibody constant domains (or parts thmof) inchiding C^p^ C^l and C|^ domains. 

5 Normally, the second polypeptide will comprise at least one domain which is derived from an antibody. This 
domain conveniently is a constant r^on, such as die Ch3 domain of an antibody and can form die interface 
of the second polypeptide. Exemplary second polypeptides inchide antibody heavy chain polypeptides, 
chimeras combining an antibody constant domain with a bmding domain of a hetmlogous polypeptide (Le, 
an hnmmioadhesin, see definition below), receptor polypeptides (especially those which form dimere with 

10 another receptor polypeptide, ag., interleukin-8 receptor (IL-8R) and integrin heterodimers (eg. LFA-1 or 
GPnib/IIIa)),ligand polypeptides (eg: nerve growA factor (NGF]i, neurotrophin-3 {NT-3), and brain-derived 
nemx>trophic fector (BDNF) - see Arakawa et al L Biol. Chem. 262(451.27833-27839 (1994) and 
Radziejewydef a£ BiochCT.22(i^: 1350 (1993)) and antibody variable domampolypeptides(e.g. diabodies). 
The preferred second polypeptide is selected from an antibody heavy chain fused to a constant domain of an 

IS immunoglobulin, wherein the constant domain has been altered at the interfece to promote preferential 
interaction with a first' polypeptide of the invention. 

A "binding domain" comprisesany region of a polypeptide which is responsible for selectively binding 
toamoleculeof intmst (eg an antigen^ ligand,receptOT, substrate (Hf inhibitor). Exemplaiy binding dcnnains 
mclude an antibody variable domain, recq>tor binding domam, ligand binding domain and an enzymatic 

20 domain. In preferred embodiments, the binding domain includes an immunoglobulin heavy chain and light 
chain. Acconiing to the bispecific antibodies of the hivention and the metiiod of making tiieni, the light diain 
for each binding domam of the bispecific antibody is a common light diain, thereby avoiding the formation 
of undestred hetennultimers in which mispairing of heavy and light chains occurs. 

The term "antibody" as it refers to the invention ^all mean a polypeptide containing one or more 

25 domains that bind an epitope on an antigen of interest, where such domain(s) are derived from or have 
sequence identity with the variable region of an antibody. Examples of antibodies inchide full length 
antibodies, antibody fragments, single chain molecules, bispecific or bifimctional molecules, diabodies, 
chimeric antibodies (eg humanized and FRIMATIZED''^ antibodies), and immunoadhesms. "Antibody 
fragments" include Fv, Fv", Fab, Fab', and F(ab72 fragments. 

30 "H um an i zed" forms of non-human (eg. rodent or primate) antibodies are specific chimeric 

immunoglobulins, immunoglobulinchams or fragments diereof which contain miiuma] sequence derived from 
non-human immunoglobulin. Forthe most part, humanizedantibodiesare human immunoglobulins(iecipiait 
antibody) in w;hich residues from a complementary determining region (CDR) of die recipient are replaced 
by residues frtmi a CDR of a non-human species (donor antibody) such as mouse, rat, rabbit or primate having 

35 the desired specificity, affinity and capacity. In smne instances, Fv framework region (FR) residues of the 
human hnmunoglobulin are replaced by corresponding non-human residues. Furdiennore, die humanized 
antibody may comprise residues vliich are found neitho- in die recipient antibody nor m the imported CDR 
or framework sequences. These modifications are made to further refine and maximize antibody performance. 
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In general, the humanized antibody will ccunprise substantially all of at least one, and typically two, variable 
domains, in whid) all or substantially all of die CDR regions correspond to those of a non-human 
immunoglobulin and all or substantially all of die FR regions are diose of a human immunoglobulinsequence. 
The humanizedantibodypreferablyalso will comprise at leasta portion of an immunoglobulinconstant region 
5 (Fc), typically that of a human inununoglobulin. Tlie humanized antibody includes a PRIMATIZED™ 
antibody wherein tiie antigen-binding region of the antibody is doived from an antibody produced by 
immunimg macaque monkeys wtdi the antigen of interest 

A *'muttispecificantibody" is a molecule having binding specificities for at least two differrat antigens. 
While such molecules nornially will only bind two antigens (te bispecific antibodies, BsAbs), antibodies with 

10 additional specificities such as triqsecific antibodies are encompassed by this expression when used hmin. 
Examples of BsAbs inchide diose with one ann directed against a tumor cell antigen and the other arm directed 
against a cytotoxic trigger molecule such as anti-FcyRI/anti-CDlS, anti-pl85"^/FcYRin (CD16X anti- 
CD3/anti-malignant B-cell (IDIO), anti-CD3/anti-pl85"^, anti-CD3/anti-p97, anti-CD3/anti-renal cell 
carcinoma, anti-CD3/anti-OVCAR-3, anti-CD3/L-Dl (anti-colon carcinoma), anti^D3/anti-melanocyte 

15 stimulatinghormoneanalog,anti-EGFreceptor/anti-CD3,anti-CD3/anti-CAMAl, and-CD3/anti-CD19, anti- 
CD3/MoVl 8, and-neural cell ahesion molecule (NCAMyanti-CD3, anti-folate binding protein (FBPyanti- 
CD3, anti-fm carcinoma associated antigen (AMOC-31)/anti-CD3; BsAbs with one arm which binds 
specifically to a tumor antigen and cme ann which binds to a toxin such as anti-s^Knin/anti-Id-1, anti- 
CI>22/anti-saporin, anti-CD7/anti-saporin, anti-CD38/anti-ss4>orin, anti-CEA/anti-ricin A chain, anti- 

20 interferon-a(IFN-a)/anti-hybridoma idiotype, anti-CEA/and-vmca alkaloid; BsAbs for converting enzyme 
activated prodrugs such as anti-CD30/anti-alkaline phosphatase (which catalyzes conversion of mitomycin 
phosi^iate prodrug to mitomycin alcohoQ; BsAbs which can be used as fibrinolytic agents such as anti- 
fibrin/anti-tissue plaaninogen activator (tPA), anti-fibrin/anti-urokinase-type plasmmogen activator (uPA); 
BsAbs for targeting immune complexes to cell surfece receptors such as anti-low density lipoprotem 

25 (LDLyanti-Fcreccptor (eg. FcyRI, FcyRIl or FcyRIII); BsAbs for use in therapy of infiectious diseases such 
as ant]-CD3/anti-herpes snnplex virus (HSV), anti-T-cell receptonCD3 complex/anti-influenza, anti- 
FcyR/anti-HIV; BsAbs for tumor detection in vitro or w vivo such as anti-CEA/anti-EOTUBE,anti-CEA/anti- 
DPTA. anti-pl85"^/anti-hapten; BsAbs as vaccme adjuvants (see Fanger et al,, si^ra); and BsAbs as 
diagnostic tools such as anti-rabbit IgCj/anti-feiritin, anti-horse radish peroxidase (HRP)/anti-hormone, anti- 

30 somatostatin/anti-substance P, anti-HRP/anti-FITC, and-C£A/anti-|^galac^ 

Examples of trispecificantil>odiesinchdeanti-CD3/anti-CD4/anti-CD37, anti-CD3/anti-CD5/anti-CD37 and 
anti-CD3/anti-CD8/anti-CD37. 

As used herein, the tenn "immunoadhesin" designates antibody-like molecules v^ich combine the 
"binding domain" of a heterologousprotem (an "adhesin", eg. a receptor, ligand or enzyme) with the effector 

35 functions of immunoglobulin constant domains. Structurally, the inmnunoadhesins comprise a fusion of the 
adhesin amino acid sequence with the desired binding specificity which is other than the antigen recognition 
and binding site (antigen combinmg site) of an antibody {Le, is "heterologous") and an immunoglobulin 
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constant domain sequence. The ixnmunoglobuiin constant domain sequence in the immunoadhesin may be 
obtained from any immunoglobulin, such as IgGj, lgG2, IgG3, or IgG4 subtypes, IgA, IgE, IgD or IgM. 

The term "ligand bindmg domain" as used herein refers to any native celi-sur&cereceptor or any region 
or derivative thereof retaining at least a qualitative ligand binding ability, and preferably the biological activity 
5 of a correspondingnative receptor. In a specific embodhnent, the receptor is from a cell-surface polypeptide 
having an extracellular domain which is homologous to a member of die immunoglobulin supergenefamily. 
Odier typical receptors, are not members of the immunoglobulin supergenefamily but are nonedieless 
specifically covered by^ diis definition, are receptors for cytokines, and in particular receptors widi tyrosine 
kinase activity (receptor tyrosine kinases), members of die hematopoietin and nerve growdi factor receptor 

1 0 super&milies, and cell adhesion molecules, e. g. (E-, L- and P-) selectins. 

The term *'receptor binding domain"is used to designateany native ligand for a receptor, including cell 
adhesion molecules, or any region or derivative of such native ligand retahiing at least a qualitative receptor 
binding ability, and preferably die biological activity of a correspondingnative ligand. This definition, among 
others, specifically includes binding sequences from ligands feu* the above-mentioned receptors. 

15 As used herein die phrase '*multispecific immunoadhesin** designates immunoadhesins (as hereinabove 

defined) having at least two bmding specificities (£e combining two or more adhesin bmding domains). 
Multispecific immunoadhesmscan be assembled as heterodimers,heterotrimersor heterotetramers,essentially 
as disclosed in WO 89/02922 (published 6 April 1989X in EP 314,3 17 (published 3 May 1989X and in U.S. 
PatentNo. 5,1 16,964 issued 2 May 1992. Preferredmuhiq)ecific hnmunoadhesins are bispecific. Examples 

20 of bispecific immunoadhesms include CD4-IgG/TNFreceptor-IgG and CD4-IgG/L-selectin-IgG. Hie last 
mentioned molecule combines the lymph node bmding function of the lymphocyte homing receptor (LHR, 
L-selectin), and die HIV bmding function of CEM, and finds potential application m die prevention or 
treatment of HIV infection, related conditions, or as a diagnostic. 

An "antibody-immunoadhesinchimera (Ab/Ia chimera)** comprises a molecule \^ich combines at least 

25 one binding domain of an antibody (as herein defined) with at least one immimoadhesin (as defined in diis 
application). ExemplaryAb/Iadiimerasare the bispecific CD4-lgG chimeras described by Berg et a!„ supra 
and Chamow et cd,, supra. 

The ''interface'* comprises those **contact'' amino acid residues (or other non-amino acid groups such as 
carbohydrate groups, NADH, biotin, FAD or haem group) in die first polypeptide which interact with one or 

30 more "contact" ammo acid residues (or other non-amino acid groups) in die inter&ce of die second 
polypeptide. The preferred inter&ce is a domain of an immunogiobulinsuch as a variable domain or constant 
domain (or regions thereof), however the mter&ce between the polypeptides forming a heteromultimeric 
receptor or the interfece betweoi two or more ligands such as NGF, NT-3 and BDNF are included witiiin the 
scope of this term. The prefmed interface coihprises the domain of an immunoglobulin whi^ preferably 

35 is derived from an IgG antibody and most preferably a human IgGj antibody. 

An "original" amino acid residue is one which is replaced by an "import" residue which can have a 
smaller or larger side chain vohnne than the original residue. The import amino acid residue can be a naturally 
occurring or non-naturally occurring amino acid residue, but preferably is the former. "Naturally occurring" 
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amino acid residues are those residues encoded by tiie genetic (^ean^ listed in Table 1 of PCTAJS96/01598, 
herein incorporated by reference in its entirety. By "non-naturally occurring'* amino acid residue is meant a 
residue which is not encoded by the genetic code, but which is able to covalently bind adjacent amino acid 
residue(s) in the polypeptide chain. Examples of hon-naturally occurring amino acid residues are norleucme, 
5 ornithine, norvaline, homoserine and olk& amino acid residue analogues such as diose described in Ellman 
ei aLf Meth. Enzym. 21^:30 1-336 (1991), for example. To generate such ncHi-naturally occurring amino acid 
residues, the proceduresofNorencrdl Science2M: 182(1989)andElhnmie/ai,npracanbeused. Briefly, 
this involves chemically activating a suppressor tRNA with a non-naturally occurring amino acid residue 
followed by in vitro transcription and translation of the RNA. The method of die instant invention involves 

10 replacing at least one original amino acid residue, but more than one origmal residue can be replaced. 
Nonnally, no more than die total residues in the mterface of die first or second polypeptide will comi»1se 
original amino acid residues which are rq)laced. The preferred original residues for replacement are '1)uried". 
By "buried"ismeantthatdieresidueisessentiallyinaccessibletosolvent The prefened import residue is not 
cysteine to prevent possible oxidation or mispairing of disulfide bonds^ 

IS By "original nucleic acid** is meant the nucleic acid encoding a polypeptide of interest which can be 

altered to encode within the muhimerization domain amino acids whose side chains interact at the inter&ce 
between die fu^ and second polypeptide promoting stable mteraction between the polypeptides. Such 
aherationsmay generate without limitation such stable mteractions as protuberance-into-cavity, non-natorally 
occurring disulfide bonds, leucine zipper, hydrophobic interactions, and hydrophilic interations. Prefienibly, 

20 die aheration is diosen which prcHnotes specific mteraction between a first and second polypeptide of interest 
and effectivelyexchidesinteractionsthatresubin undesiredheteromerpairingor die fomiation of homomers. 
The original or starting nucleic acid m^ be a naturally occurringnucieic add or may comprise a nucleic add 
which has been subjected to prior ahearatkm {e.g, a humanized antibocty fragmoit). By "altering** the nucleic 
acid is meant that the original nucleic acid is genetically engineered or mutated by inserting, deleting or 

25 replacing at least one codon encoding an amino add residue of interest Normally, a codon encodbig an 
original residue b replaced by a codon encoding an import residue. Techniques for genetically modifymg a 
DNA in this manner have been reviewed in Mutagenesis: a Practical Approach, M.J. McPherson, Ed., (IRL 
Press, Oxford, UK. ( 1 99 1 X and include site-directedmutagenesis, cassette mutagenesis and polymerase diain 
reaction (PGR) mutagenesis, for example, 

30 The protuberance, cavity, or free thiol (such as a cysteme residue for disulfide bond formation) can be 

"introduced" into die interface of die first or second polypeptide by synthetic means, eg. by recombinant 
techniques, in vitro peptide synthesis, diose tediniques for introducing non-naturally occurring amino add 
residuespreviously described, by enzymatic or diemical coupling of pqitides or some combination of these 
techniques. According, die protuberance, cavity or free thiol which is "introduced" is "non-naturally 

35 occurring" or "non-native", which means diat it does not exist in nature or in the original polypeptide (eg. a 
humanized monoclonal antibody). 

Preferably the import amino acid residue for forming the protuberance has a relatively small number of 
"rotamers" (eg. about 3-6). A "rotamer" is an energetically favorable conformation of an amino acid side 
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chain. The number of rotamers of the various amino acid residues are reviewed in Ponders and Richards, J. 

MoL Biol. 121:775-791 (1987). 

''Isolated" heteromultimer means heteromuhimer which has been identified and separated and/or 

recovered&oinacomponoitof its natural cell culture environment Contaminant components of its natural 
5 environm^tare materials which would interfere with diagnostic or therapeutic uses for the heteromulthner, 

and may include enzymes, hormones, and other proteinaceous or nonprotemaceous sohites. In preferred 
I embodiments, die heteromuhhnerwill be purified ( 1 ) to greaterthan 95% by weight of protein as determined 

by the Lowry mediod, and most preferably more than 99% by weight, (2) to a degree sufficient to obtain at 

least 15 residues of N-teiminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) 
10 to homogeneityby SDS-PAGEunderreducingor nonreducingconditionsusingCoomassieblue or, preferably, 

silver stain. ' , 

The heteromuldmers of the present invention are generally purified to substantial homogeneity. The 

phrases "substantiaHyhomogeneous", "substantially homogeneous form" and "substantial homogeneity" are 

used to indicate that the product is substantially devoid of by-products originated from undesh^ polypeptide 
] 5 combinations (e.g. homomultimers). Expressed in terms of purity, substantial homogeneity means that the 

amount of by-products does not exceed 10%, and preferably is below 5%, more preferably below 1%, most 

preferably below 0.5%, wherein die percentages are by weight 

The expression "co3itrolsequences"refers to DNA sequences necessary for die expression of an operably 

linked coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, 
20 for example, include a promoter, optionally an opantor sequence, a ribosome bmding site, and possibly, other 

asyetpooriyunderstoodsequences. Eukaiyoticcelk are known to utilize promoters, polyadoiylationsignals, 

and enhancers. 

Nucleic acid is "opCTbly linked" when it is placed into a funcdonal relationship with another nucleic 
acid sequaice. For example, DNA for a {Hiesequence or secretory leado- is operably linked to DNA for a 

25 polypqnide if it is expressed as a preprotein that participates in the secretion of tiie polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects the transcription of tiie sequence; or a 
ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. 
Gena:ally, "operably Imked" means that the DNA sequences being linked are contiguous and, m the case of 
a seoetory leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. 

30 Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide ads^rs or linkers are used in accord with conventional practice. 

n. Preparation of the Heteromultinier 
1. Preparation of the Starting Matepalf^ 

As a first step, die first and second polypeptide (and any additional polypeptides forming the 

35 hetmmultimer)are selected. Nonnally,tiie nucleic acid encoding these polypeptides needs to be isolated so 
that it can be altered to oicode die protuberance or cavity, or both, as herein defined. However, the mutations 
can be mtroduced using synthetic means, e,g, by using a peptide synthesizer. Also, in the case where the 
impoit residue is a non-naturallyoccuning residue, the method of Noren et aL, supra is available for making 
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polypeptide having such substitutions. Additionally, part of &e heteromuhiiner is suitably made 
recombinantly in cell culture and o&erpart(s)of the molecule are made by those techniques mentioned above. 

Techniques for isolating antibodies and preparing inununoadhesins follow. However, it will be 
^preciatedtiiat the heteromultimCTcan be framed from, or incorporate, other polypeptides using techniques 
5 which are known in the art For example, nucleic acid encoding a polypeptide of interest (e.g. a ligand, 
recqstOT or enzyme) can be isolated from a cDNA binary prepared from tissue believed to possess die 
polypeptide mRNA and to express it at a detectable level Libraries are screened with probes (such as 
antibodies or oligonucleotides of about 20-80 bases) designed to identify the gene of interest or the protein 
encoded by it Screening the cDNA or genomic library with the selected probe may be conducted usmg 
10 standard procedures as described in chapters 10-12 of Sambrook ei ai.. Molecular Cloning: A Laboratory 
Manual (New Yoric: Cold Spring Harbor Laboratory Press, 1989). 

m Antibody preparation 

Several techniques for the production of antibodies have been described which include die traditional 
hybridoma method for making monoclonal antibodies, recombiimnt techniques f(xr making antibodies 

1 5 (mcluding chimeric antibodies, eg: humanized antibodies), antibody production in transgenic animals and die 
recently described phage display technology for preparing "fiiUy human" antibodies. These techniques shall 
be described briefly below. 

Polyclonal antibodies to the antigen of interest generally can be raised m annuals by mult^le 
subcutaneous (sc) or intraperitoneal (ip) injections of the antigen and an adjuvant It may be useful to 

20 conjugate the antigen (or a fragment containing the target ammo acid sequence) to a protein tibat is 
immunogenic in die species to be immunized, e^., keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, or soybean trypsin mhibitor using a bifunctional or derivatizing agent, for example 
maleimidobenzoyi sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccmimide 
(through lysine residues^ glutaraldehyde, succinic anhydride, SOCI2, or R^NK>NR, where R and are 

25 different aOcyl groups. Animals are immunized against the inuiiunogenic conjugates or derivatives by 
combinmg 1 mg of 1 ^g of conjugate (for rabbits or mice, respectively) with 3 vohunes of Freud's complete 
adjuvant and injecting the sohition intradermally at mu]tq>le sites. One month later the animals are boosted 
with 1/S to 1/10 the origmal amount of conjugate in Freud's complete adjuvant by subcutaneous injection at 
multq>le sites. 7 to 14 ds^rs later the anunals are bled and the serum is assayed for antibody titer. Animals are 

30 boosted until the titer plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but 
ccmjugated to a differentprotein and/or through a difTerent cross-ltnkingreagent Conjugates also can be made 
in recombinantcell culture as protein fusions. Also, aggregating agents such as alum are used to enhance die 
immune response. 

Monoctonal antibodies are obtained from a population of substantially homogeneous antibodies using 
35 the hybridoma metfiod first described by KoWct and Milstein, Nature 256:495 (1975) or may be made by 
recombuiant DNA methods (Cabilly et aL, U.S. Patent No. 4,816,567), In the hybridoma method, a mouse 
or other appropriatehost animal, sudi as hamstCT, is immunized as hereinabove descriT)ed to elich 
diat produce, or are capable of producing, antibodies diat will specifically bmd to the protein used for 
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immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are fused vnftk 
myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form a hyhridoma cell (Coding, 
Monoclonal Antibodies: Principles and Practice, pp J9-103 (Academic Press, 1986)). The hybridoma cells 
thus prepared are seeded and grown in a suitable culture medhmi that preferably contains one or more 
5 substances that inhibit the growdi or sunaval of unfused, parental myeloma cells. For example, if the 
parental myelomacells lack the enzymehypoxanthineguaninephosphonlros^ 

the culturemedium for the hybridomas typically will inch]dehypoxanthine,aminopterin,and diymidine(HAT 
medium), which substaficespreventthe growth of HGPRT-deficiem cells. Preferred myeloma cells are Aose 
that fuse efficiently, support stable high level expression of antibody by the selected antibody-jHoducing cells, 

10 and are sensidveto a medium such as HAT medium. Among these, preferred myeloma cell lines are murine 
myeloma lines, such as those derived from MOPC-21 and MPC-1 1 mouse tumors available from the Salk 
Institute Cell EHstribution Center, San Diego, California USA, and SP-2 cells available frtmi ^e Am^can 
Type Cuhure Collection, Rockville,MarylandUSA. Human myeloma and mouse-human heteromyelomacell 
lines also have been described for the production of human monoclonal antibodies (Kozbor, J. Immunol., 

15 122:3001 (1984); and Brodeur era£. Monoclonal Antibody Production Techniques and Applications, pp^l- 
63,MarcelDekker,lnc',New York, 1987). See,also,Boemerera/., J. Immunol., HZ{D:86-95 (1991) and 
WO 91/17769, pubiishedNov 28, 1991, for techniques for the production of human monoclonal antibodies. 
Culture medium in whidi hyMdoma cells are growing is assayed fra- production of monoclonal antibodies 
directed agamst the antigen of interest. Preferably, the binding specificity of monoclonal antibodies produced 

20 by hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, sudi as 
radioimmunoassay (RIA) or enzyme-lmked immurioabsoibent assay (ELISA). The binding affinity of tiie 
monoclonal antibody can, for example, be determined by the Scatchard analysis of Munson and Pollard, Anal. 
Biochem. 1QZ:220 (1980). After hybridraia cells are identified that produce antibodies of the desired 
specificity, afHnity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown 

25 by standard mediods. Coding, Monoclonal Antibodies: Principles and Practice, pp.59-1 04 (Academic Press, 
1986). Suitable culture media for this purpose inchide, for example, I>ulbecco*s Modified Eagle's Medium 
Gc RPMI- 1640 medium. In addition, the hybridoma cells may be grown in vivo as ascites tumors in an animal 
The monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, ascites 
fluid, or senxm by conventional inununoglobulin purification procedures such as, for example, protein A- 

30 Sei^iarose, hydroxylapatite chromatogr^hy, gel electrophoresis, dialysis, or affinity chromatogrs^hy. 

Alternatively, it is now possible to produce transgenic animals (e.g. mice) that are c£^able, upon 
immunization, of producing a full repertoire of human antibodies in die absence of endogenous 
immunoglobulm production. For example, it has been desoibed that the homozygous deletion of the antibody 
heavy chain joining region (J^) gene in chhneric and genn-line mutant mice results in complete mhibition of 

35 endogenous antibody production. Transfer of the human germ-line immunoglobulingoie array in such germ- 
line mutant mice will reailt in the production of human antibodies upon antigen challenge. See, e,g., 
Jakobovits et aL, Proc. NaO. Acad. ScL USA 2Q:2551-255 (1993); Jakobovits et al. Nature 262:255-258 
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(1993);FishwUd,DJVI..er a/. ( 1996) Nat Biotech J4:845-85 1; and Mendez,M. J., c/ a/. (1997) Nat Genetics 
15:146-156). 

In a further embodiment, antibodies or antibody fragments can be isolated from andbody phage libraries 
generated using the techniques described m McCaffertve/ aL. Nature. 348:SS2>554 (1990), using the antigen 
5 of interestto select for a suitable antibody or antibody fragment Clackson et at. Nature, 352:624*628 (1 991 ) 
and Marks et al, J. Mol. BioU 222:581-597 (1991) describe the isolation of murine and human andbodies, 
respectively, using phage libraries. Subsequent publications describe the production of high affmity (nM 
range) human antibodies by chain shuffling (Marie et al, Bio/Technol. 14:779-783 (1992)), as well as 
combinatorial infection and in vivo recombination as a strategy for constructing very large phage libraries 

10 (Wateriiouseer ai,Nuc, Acids Res., 21:2265-2266 (1993); Griffiths, A. D., et al. (1994) EMBO J. 12:3245- 
3260; and Vaughan, et aL (1996) siq^ra). Thus, these tedmiques are viable alternatives to traditional 
monoclonal antibody hybridoma techniques for isolation of "monoclonal" antibodies (specially human 
antibodies) which are encompassed by Ae present invention. 

DNA encoding the antibodies of the invention is readily isolated and sequenced using conventional 

15 procedures (eg., by usmg oligonucleotide probes that are capable of binding specifically to genes encoding 
the heavy and light chains of murine antibodies). The hybridoma cells of tiie invention serve as a preferred 
source of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then 
transfected into host cells such as snnian COS cells, Chinese hamst^ ovary (CHO) cells, or myeloma cells that 
do not oth^wise produce unmunoglobulin protein, to obtain the syndesis of monoclcm^ antibodies m the 

20 recombmant host cells. The DNA also may be modified, for example, by substituting the coding sequence 
for human heavy and light chain constant domains in place of the homologous murine sequences, Morrison 
et aL , Proc. Nat Acad. ScL £1:685 1 ( 1 984). In that mann^, "diimeric" antibodies are prepared tiiat have the 
binding specificity of an anti-antigen monoclonal antibody hereirt 

Methods for humanizing non-human antibodies are well known m tiie art Generally, a humanized 

25 antibocfy has one or more amino acid residues introduced into it from a source which is non-human. 
Humanization can be performed essentially following the method of Winter and co-workers (Jones et al,. 
Nature 221:522-525 (1986); Riechmann et al. Nature 222:323-327 (1988); Verhoeyen et al,. Science 
222: 1 534-1536(1 988)), by substituting rodent CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (Cabilly, snpra\ 

30 wherein substantially less than an mtact human variable domam has been substituted by the corresponding 
sequence from a non-hmnan species. In practice, humanized antibodies are typically human antibodies in 
which some CDR residues, and possibly some FR residues, are substituted by residues from analogous sites 
in rodent antibodies. It is important that antibodies be humanized with retention of high affinity for the antigen 
and other &vorable biological properties. To achieve tiiis goal, according to a preferred method, humanized 

35 antibodies are prepared by a process of analysis of die parental sequences and various conceptual humanized 
products using du^ dimensional models of die parental and humanized sequences. Three dimensional 
unmunoglobulin models are familiar to those skiUed in the art Compute* programs are available which 
illustrate and display probable three-dimensional confonnational structures of selected candidate 
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immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of tiie residues in 
^e functioning of the candidate immunoglobulin sequence, te., the analysis of residues that influence the 
ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected and 
combined from the consensus and import sequence so that the desired antibody characteristic, such as 
5 increased affinity for the target antigen(sX is achieved For fimher details see WO 92/22653, published Dec 
23. 1992. 

CiiS Immunoadhesin preparation 

Immunoglobulitis (Ig) and certain variants diereof are known and many have been prepared in 
recombinant cell culture. For example, see U.S. Patrat No. 4,745,055; £P 256,654; Faulkn^ et aU Nature 

10 22i'.2S6 (1982); EP 120,694; EP 125.023; Morrison, J. Immun. 121:793 (1979); KOhler et of., Proc. Natl. 
Acad. ScL USA 22:2197 (1980); Raso et a/., Cancer Res. 4l:i073 (1981); Morrison et al., Ann. Rev. 
Inununol. 2:239 (1984); Morrison, Science 222:1202 (1985); Moirison et al., Proc. Nad. Acad. ScL USA 
&L:6851 (1984); EP 255,694; EP 266,663; and WO 88/03559. Reassorted immunoglobulm chains abo are 
known. See, for example. U.S. Patent No. 4,444,878; WO 88/035(55; and £P 68 J63 and references cited 

15 dioein. 

Chimeras constructed from an adhesin binding domain sequence linked to an appropriate 
inmiunogbbulin constant domain sequence (immunoadhesins)are known in the art Inununoadhesinsrepoted 
in die literature inchide fusions of the T cell receptor (Gascoigne et aL, Proc. Natl. Acad. Sci. USA M:2936- 
2940 (1987)); CD4 (C^n et aL, Nature 222:525-531 (1989); Traunecker et aL, Nature 222:68-70 (1989); 

20 Zeltmeissl et aL, DNA Cell BioL USA 2:347-353 (1990); and Bym et aL, Nature 2M:667-670 (1990)); L- 
selectin (homing receptor) (Watson et aL, J. Cell Biol. IlS:2221-2229 (1990); and Watson et aL, Nature 
242: 164-167(1991)); CD44 (Aruffo et aL, CeU £L:1303-13 13 (1990)); CD28 and B7 (Linsley et al,, J. E}q). 
Med. 122:721-730 (1991)); CTLA-4 (Lisley ef oi., J. Exp. Med. 124:561-569 (1991)); CD22 (Stamcnkovic 
et a!,. Cell fifi:l 133-1 144 (1991)); TNF receptor (Ashkenazi et aL, Proc. NaU. Acad Sci. USA M:10535- 

25 10539 (1991); Lesslauer et aL, Eur. J. Immunol. 22:2883-2886 (1991); and Peppel et al., J. Exp. Med. 
124:1483-1489(1991)); and IgEreceptora (Ridgwayand Gorman, J. CeU.Biol. Vol. Hi Abstract No. 1448 
(1991)). 

The simplest and most straightforward inununoadhesin design combines the binding domain(s) of the 
adhesin {eg, the extracelhilar domain (BCD) of a receptor) widi the hinge and Fc regions of an 
30 immunoglobulin heavy chain. Ordinarily, when preparing the immunoadhesins of the present invention, 
nucleic acid encodingdie bindmg domain of the adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an inununoglobulin constant domain sequence, however N-terminal fusions are also 
possible. 

Typically,in such fusions the encoded chimeric polypeptide will retain at least functionally active hinge, 
, 35 and C}i3donmin5ofdie constant region ofan immunoglobulin heavy cham. Fusions are also made to 

the C-terminus of the Fc portion of a constant domain, or nnmediately N-termmal to the ChI of the heavy 
diain or the correspondingregion of the light diam. The precise site at which the fusion is made is not critical; 
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paiticularsites are well known and may be selected in order to optimize the biological activity, secretion, or 
binding characteristics of the la. 

In a preferred embodiment, the adhesin sequence is fused to the N-teiminus of the Fc domain of 
immunoglobulin G] (Lgfj ^. It is possible to fuse the entire heavy chain constant region to tiie adhesin 
5 sequence. However, more preferably; a sequence beginning in the hinge region just upstream of the papain 
cleavage site which defines IgG Fc chemicaUy(te residue216, taking the firstresidueof heavy chain constant 
region to be 1 14), ot analogous sites of other immunoglobulinsis used in the fusion. In a particularly preferred 
embodiment, the adhesin amino acid sequence is fused to (a) &e hinge region and and 0^3 or (b) die 
Cf|U lunge, C}{2 and C^p domains, of an IgGj, IgG^ or IgG3heavy cham. The precise site atM^ich the 
10 fusion is made is not critical, and the optimal site can be determined by routine expefimentation. 

For bispecific hnmunoadhesins, the immunoadhesins are assembled as multimers, and particularly as 
heterodiroers or heterotetramers. Generally, these assembled inmnmoglobulins will have known tmit 
structures. A basic four chain structural unit is the form in which IgG, IgD, and Ig£ exist. A four chain unit 
is repeated in the highermolecularweight immunoglobulins; IgM generally exists as a pentamer of four basic 
15 units held together by disulfide bonds. IgA globulin, and occasionally IgG globulin, may also exist in 
multimeric form in serum. In the case of muttimer, each of the four units may be the same or difTerent 

Various exemplary assembled immunoadhesins widiin Ae scope herein are schematically diagrammed 
below: 

(a)ACL-ACL; 

20 {b)ACir[ACH,ACL-ACH.ACL-VHCH.orVLCL-ACH]; 

(c) ACl-ACh-[ACl-ACh, ACl-VhCh, VlCl-ACh, or VlCl-V„Ch]; 

(d) ACl-VhC„-IACh. or ACl-VhCh, or VlCl-AChI; 

(e) VLCL-ACH-tACL-VHCH. or VlCl-AChI; and 

(0[A-Y]„-[VlCl-Vj,Ch]2. 
25 whmin each A represents identical or different adhesin amino acid sequences; 
is an immunoglobulin light chain variable domain; 
V|j is an immunoglobulin heavy chain variable domam; 
is an inununoglobulin light chain constant domain; 
is an inununoglobulin heavy chain constant domam; 
30 n is an mteger greater than 1; 

Y designates the residue of a covalent cross-linking agent 

In the mterests of brevity, the foregoing structures only ^ow key features; they do not indicate joining 
(J) or other domains of die nnmunoglobulins,nor are disulfide bonds shown. However, where such domams 
are required for binding activity, they diall be constructed to be present in the (Hdinary locations which &ey 
35 occupy in the mununoglobulin molecules. 

Alternatively, the adhesm sequences can be inserted between mununoglobulin heavy diain and light 
chain sequences, sudi that an immunoglobulin comprising a chnneric heavy chain is obtained. In this 
embodmient,the adhesin sequences are fused to the 3* end of an immunoglobulin heavy chain in eadi ann of 



-22- 



wo 98/50431 PCT/US98/08762 

an immunoglobulin, either between die hinge and the domain, or between the C|]2 and CjP domains. 
Similar constructs have been reported by Hoogenboom, et aL, MoL Immunol. 28*1027-1037 (1991). 

An immunoglobulin light chain might be present either covalently associated to an adhesin- 
immunogbbuiin heavy chain fusion polypqytide, or directly fused to tiie adhesin. In the former case, DNA 
5 encoding an immunoglobulin light chain b typically coexpressed with the DNA encoding the adhesin- 
immunoglobulinheavy chain fusion protein. Upon secr^on, the hybrid heavy chain and the light chain will 
be covalently associated to provide an immunoglobulin-like structure comprising two disulfide-linked 
immunoglobulin heavy chain-light chain pairs. MeAods suitable for the preparation of such structures are, 
for example, disclosed in U.S. Patent No. 4,816,567, issued 28 March 1989. 

10 In a preferred embodiment, the immunoglobulin sequences used in &e construction of the 

immunoadhesins of the present invention are from an IgG immunbglobulinheavy chain constant domain. For 
human hnmunoadhesins,the use of human IgG| and IgG3 immunoglobulin sequences is preferred. A major 
advantageof using IgGi is that IgG| immunoadhesins can b» purified efficiently on munobilized protein A. 
In contrast, purification of IgG3 requires protein G, a significantly less versatile medram. However, other 

1 5 structural and functional properties of immunoglobulms should be considered when choosing the Ig fusion 
partner for a particular hnmunoadbesinconstruction. For example, the IgG3 hinge is longer and more flexible, 
so it can accommodate larger "adhesin" domains that may not fold or function properly when fused to IgGp 
Another considerationmay be valency; IgG immunoadhesins are bivalent homodim^ whereas Ig subtypes 
like IgA and IgM may give rise to dimeric orpentameric structures, req)ectively, of the basic Ig homodnner 

20 unit For tmmunoadhesms designed for in vivo application, the phannacokinedc properties and the effector 
functions specified by the Fc region are important as well. Ahfaough IgG|, IgG2 and IgG4 all have inyivo 
half-livesof21 days, their relative potenciesatactivatingthecomplementsystem are different IgG4 does not 
activate complemmt, and IgG2 is significantlyweaka- at complement activation than IgG|. Moreover, unlike 
IgG], IgG2 does not bind to Fc receptors on mononuclear celb or neutrophils. While IgG3 is optimal for 

25 complement activation, its in vivo half-life is approxnnately one third of the other IgG isotypes. Another 
important consideration for immunoadhesins designed to be used as human therapeutics is the number of 
allotypic variants of the particular isotype. In general, IgG isotypes with fewer serologically-defmedallotypes 
areprefeired. For example, IgG| has only four serologically-defined allotypic sites, two of which (Glm and 
2) are located in the Fc region; and one of diese sites, Glml, is non-nnmunogoiic. In contrast, there are 12 

30 serologically-definedallotypes in IgG3, all of which are in &e Fc region; only tliree of these sites (G3m5, 1 1 
and 21) have one allotype which is noimnmunogenic. Thus, the potential immunogenicity of a y3 
immunoadhesin is greata* tlian that of a yl immunoadhesin. 

Immunoadhesinsare most conveniently constructedby fusing the cDNA sequence encoding the adhesin 
portion in-frame to an Ig cDNA sequence. However, fusion to genomic Ig fragments can also be used (see, 

35 eg. GascoigneerdL, stqrra; Amffo etaL, Cell 61:1303-1313 (1990); and Stamenkovic era/., CeUM:n33- 
1 144 (1991 )). The latter type of fiision requires the presence of Ig regulatory sequences for expression. 
cDNAs encodmgIgG heavy-chain constant regions can be isolated based on published sequences from cDNA 
hlTraries derived from spleen or peripheral blood lymphocytes, by hybridization or by polymerase diain 
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reaction (PGR) techniques. The cDNAs encoding the "adhesin" and the Ig parts of tiie immunoadhesm are 
inserted in tandem into a plasmid vector that directs efficient expression in the chosen host ceils. 
2. Generating a Protuberance and/or ravitv 

As a furst step to selecting original residues for fonning the protuberance and/or cavity, the three- 
5 dimensional structure of the heteromultimeris obtained using techniques which are well known in the art such 
as X-ray crystallography or NMR. Based on the three-dimensional structure, those skilled in the art will be 
able to tdoitify the interface residues. 

The preferred interface is the Ch3 domain of an unmunoglobulin constant domain. The interfece 
residues of the Ch3 domains of IgG, IgA, IgD, IgE and IgM have been identified (see, for example, 

10 PCTAJS96/01598, herem incorporated by reference m its entirety), includmg those whidi are optimal for 
replacing with import residues; as were the interface residues of various IgG subtypes and "buried" residues. 
The basis for engineering die Ch3 inter&ce is that X-ray crystallography has demonstrated that die 
intermolecnlar association between human IgGj heavy chains in the Fc region includes extensive 
protein/protein interaction between C^B domains whereas the glycosylated 0^2 domains int^act via their 

15 carbohydrate (Deisenhofer, Biochem. 2Q:2361-2370 (1981)). In addition there are two inter-heavy chain 
disulfide bonds which are efficiently formed during antibody expression in mammalian cells unless the heavy 
Cham is truncated to remove Ch2 and domains (King ef al, Biochem. J. 281 :3 1 7 (1 992)). Thus, heavy 
chain assembly appears to promote disulfide bond formation raAer dian vice versa Taken together these 
structural and functional data led to the hypodiesis that antibody heavy chain association is directed by the Cj|3 

20 domains. It was furtherqwculated that die interface between Ch3 domains might be engineered to promote 
fcmnation of heteromultimersofdifferentheavy chains and hinder assembly of correspondinghomomultimers. 
The experiments described herein doncmstrated that it was possible to promote the formation of 
heteromuhnners over homomuhimcrsusing this qjproach. Thus, it is possible to generate a polypeptide fusion 
comprisinga polypeptideof interest and die Ch3 domain of an antibodyto form a first or second polypeptide. 

25 The preferred C|{3 domain is derived fit)m an IgG antibody, such as an human IgG]. 

TTiose mterfece residues which can potentially constitute candidates for forming the protuberance or 
cavity are identified. It is preferableto select "buried" residues to be replaced. To determine whethera residue 
is buried, die surface accessibility program of Lee aL. J. MoL Biol, 5S:379-400 (1971) can be used to 
calculatethe solvent accessibility (SA) of residues in die mterfece. Then, die SA for the residues of each of 

30 die fir^ and second polypeptide can be separately calculated after removal of die otiier polypeptide. The 
difference m S A of each residue between the monomer and dimer forms of the intalace can then be calculated 
using die equation: SA (dimer) - SA (monomer). This provides a list of residues which lose SA on formation 
of the dimer. The SA of each residue m die doner is compared to die dieoretical SA of die same amino acid 
in die tripeptideGly-X-Gly, where X = die amino acid of interest (Rose et aL Science 222:334-838 (1985)). 

35 Residues which (a) lost SA in die dimo- compared to the monomer and (b) had an SA less dian 26% of that 
in their corresponding tripeptide are considered as interfece residues. Two categories may be delineated: 
tiiose which have an SA < 10% compared to their corre^nding tripeptide (ie "buried") and diose vrfiich 
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have 25% > SA > 10% compared to Aeir corresponding tripeptide (ie "partially buried**) (see Table 1, 
below). 

TABLE 1 





SA Lost Monomer Dimer 


% Tripeptide 


Residue 
No.+ 


Polypeptide A 


Polypeptide B 


Polypeptide A 


Polypeptides 


Q347 


22.1 


31.0 


25.0 


26.5 


Y349 


79.8 


83.9 


52 


5.7 


L351 


67.4 


77.7 


3.9 


2.0 


S354 


53.4 


52.8 


113 


11.7 


E357 


, 43.7 


453 


0.4 


13 


S364 


21J. 


15.1 


OJ 


1.4 


T366 


> 29 J 


25.8 


0.0 


0.1 


L368 


25.5 


29.7 


1.0 


1.1 


K370 


55.8 


623 


IIJ 


11.0 


T394 


64.0 


58J 


0.6 


1.4 


V397 


503 


49J 


13.2 


11.0 


D399 


39.7 


33.7 


5.7 


5.7 


F405 


53.7 


52.1 


0.0 


0.0 


Y407 


89.1 


903 


0.0 


0.0 


K409 


86;8 


923 


0.7 


0.6 


T411 


4.3 


7J 


12.7 


9.8 



residue numbering as in IgG crystal structure (Deisenhofer, Biochonistry 22:2361-2370 (1981)). 



The effect of replacing residues on the polypeptide chain structure can be studied using a molecular 
graphics modelingprogram such as die Insight™ program (Biosym Technologies). Using the program, those 

25 buried residues in Ae interfece of the first polypeptide which have a small side chain volume can be changed 
to residues having a larger side chain vohmie (Le, a protuberance), for example. Then, toe residues m the 
intafece oftiie second polypq>tidewhich are m proximity to the protuberanceareexamme^ find a suitable 
residue for forming the cavity. Normally, this residue will have a large side chain volume and is replaced wfth 
a residue havmg a smaller side cham vohmie. In certain embodiments, exammation of the toee-dimaisional 

30 structure of the int^face will reveal a suitably positioned and dimensioned protuberance on the mterfece of 
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the first polypeptide or a cavity on the interfoce of the second.polypeptide. In these instances, it is only 
necessary to model a single mutant, with a synthetically introduced protuberance or cavity. 

With respect to selecting potential original residues for replacement where the first and second 
polypeptideeach comprisea C^p domain, the Cy^fC^ interface of human IgG| involves sixteen residues on 
S each domain located on four anti-parallel ^-strands which buries 1090 from each sur&ce (Deisenhofer, 
siq)ra) and Miller, J. Mol. Biol. 211^:965 (1990)). Mutations are preferably targeted to residues located on &e 
two central anti-parallel ^strands. The aim is to minimize die risk that the protuberances which are created 
can be accommodated by protruding into surrounding solvent rath^ than by compensatory cavities in the 
partner dcHnain. 

1 0 Once the preferred original/import residues are identified by molecular modeling, the amino acid 

replacementsare introduced into the polypeptide using techniques which are well known in the art Normally 
the DNA encoding the polypeptide is genetically engineered using die techniques described in Mutagenesis: 

a Practical Approach, si^ra, 

Oligonucleotide-mediated mutagenesis is a preferred mediod for preparing substitution variants of 

1 5 die DNA encoding the first or second polypeptide. This tedmique is well known in die art as described by 
Adelman et al., DNA, 2:183 (1983). Briefly, first or second polypeptide DNA is ahered by hybridizing an 
oligonucleotideencodmgdie desired mutation to a DNA template, where die template is the single-stranded 
fonn of a plasmid or bacteriophagecontainingthe unahered or native DNA sequence of heteromultimer. After 
hybridization,a DNA polymraase is used to synthesize an entire second ccmiplementary strand of the template 

20 that will dius incorporate the oligonucleotide primer, and will code for die selected altoaticm in the 
heteromultimer DNA. 

Cassette mutagenesis can be performed as described Wells ei oL Gene M:3 IS (1985) by replacing 
a region of die DNA of interest with a synthetic mutant fragment generated by annealing complimentary 
oligonucleotides. PCR mutagenesis is also suitable for making variants of the first or second polypeptide 

25 DNA. Whiletiie following discussionrefers to DNA, it is understood diat the technique also finds ai^lication 
widi RNA. Hie PCR technique generally refers to die followmg procedure (see Erlich, Science. 252:1643- 
1650 (1991), die diapto-by R. Higuchi. p. 61-70). 

Hiis invention also encompasses, m addition to the protuberance or cavity mutations, amino acid 
sequence variants of the heteromultimerwhich can be prepared by introdudng^propriate nucleotide changes 

30 into die heteromultimer DNA, or by syntitesis of die desired heteromultimer polypeptide. Such variants 
include, for example, deletions from, or insmionsor substitutionsof, residues withm the amino acid sequences 
of the first and second polypeptides forming the heteromultimer. Any combination of (teletion, msertion, and 
substitution is made to arrive at the final construct, provided that the final construct possesses the desired 
antigen-binding diaracteristics. The amino acid changes also may alter post-translational processes of the 

35 heteromultimCT, such as changing the number or position of glycosylation sites. 

A useful method for identificationof certain residues or regions of die heteromuhnner polypeptides 
that are preferred locations for mutagenesis is called "alanine scanning mutagenesis,** as described by 
Cunningham and Wells, Scioice, 2M: 1081-1085 (1989). Here, a residue or group of target residues are 
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identified (e.^. charged residues such as aig, asp, his, lys, and glu) and replaced by a neutral or negatively 
charged amino acid (most preferably alanine or polyalanine) to affect the interaction of the amino acids witii 
tiie surrounding aqueous environment in or outside the cell. Those domains demonstrating functional 
sensitivity to the substitutions then are refined by introducing further or other variants at or for tiie sites of 
5 substitution. lhus,whilethesiteforintroducinganaminoacidsequencevariationispredetennined,thenature 
of the mutation per se need not be predetermined. 

Normally the mutations will involve conservativeamino acid replacements in non-functionalregions 
of the heteromuhimer. Exemplary mutations are shown m Table 2. 

Table 2 



30 

1 



Original Residue 


Exemplary Substitutions 


Preferred Substitutions j 


Ala (A) 


Val;Leu;Ile 


Val 


Arg{R) 


Lys; Ghi; Asn 


Lys 


Asn(N) 


Gin; His; Lys; Arg 


Gki 


AspP) 


Ghi 


Ghi 


Cys(C) , 


Ser 


Ser 


Gta(Q) 


Asn 


Asn 


Glu(E) 


Asp 


A^ 


Gly(G) 


Pro; Ala 


Ala 


His(H) 


Asn; Gin; Lys; Arg 


Aig 


He (I) 


Lcu;Val; Me^ Ala; Hie; 
Norleucme 


Leu 


Leu(L) 


Norleucme; He; Val; Met; 
Ala; Phe 


He 


Lys(K) 


Arg; Ghi; Asn 


Arg 


M^(M) 


Leu; Phe; lie 


Leu 


Phc(F) 


Leu; Val; Ile;Ala;T>T 


Leu 


Pro(P) 


Ala 


Ala 


Ser(S) 


Thr 


Thr 


ThrCD 


Ser 


Ser 


Trp(W) 


Tyr,Phe 


Tyr 


TyrOO 


Trp; Hie; Thr, Ser 


Phe 


Val(V) 


He; Leu; Met; Phe; Ala; 
Norleucine 


Leu 
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Covalent modifications of the hetoromuhimer polypeptides are included within the scope of this 
invention. Covalent modifications of the heteromultimer can be introduced mto the molecule by reacting 
targeted amino acid residues of the heteromultimer or fragments thereof with an organic derivatizing agent 
that is capable of reacting wiA selected side chains or the N- or C-tominal residues. Another type of covalent 
5 modificalionof the heleromultimerpolyp^tideincludedwidiinthescopeofthis invention comprises altering 
Ae native glycosylation pattern of the polypeptide. By ahering is meant deleting one or more carbohydrate 
moieties found in die original heteromultimer, and/or adding one or more glycosylation sites that are not 
presentin the original heteromultimer. Addition of glycosylation sites to the hetmmultimer polypeptide is 
conveniently accomplished by ahmng the amino acid sequence such that it contams one or more N-lmked 

10 glycosyiationsites. Theaherationmay alsobemadeby the additionof, or substitution by, one or more serine 
or threonine residues to the original heteromultimersequence (for O-linked glycosylation sites). For ease, the 
heteromuhimeramino acid sequence is prefoably ahered through changes at the DNA level, particularly by 
mutating die DNA encoding the heteromultimer polypeptide at preselected bases sudi that codons are 
generated diat will translate mto die desired amino acids. Another means of increasing the number of 

1 5 carbohydrate moieties on the heteromuhimerpolypeptide is by chemical or enzymatic coupling of glycosides 
to the polypeptide. ThesemethodsaredescnTwdin WO 87/05330 pubUshed 11 September 1987, and in Aplin 
and Wriston, CRC CriL Rev. Biochem^pp. 259-306(1981). Removal of carbohydrate moieties present on die 
hetenmiultimer may be accomplished diemically or en^matically. 

Another type of covalent modification of heteromultimer comprises linking the heteromultimer 

20 polypq}ti(te to one of a variety of ttonpniteinaceouspolymers,eg:, polyediylene glycol, polyprc^lenegiycol, 
or polyoxyalkylenes,in die manner set forth in U.S. Patent Nos. 4,640,835;4,496,689; 4301,144; 4,670.417; 
4.791,192 or 4,179,337. 

Since it is often difficult to predict m advance die characteristics of a variant heteromultimer, it will 
be S5>preciated diat some screening of die recovered variant will be needed to select die optimal variant 

25 3. ECTrcssion of Heteromultimer having common light chams 

Following mutation of the DNA and selection of the common light chain as disclosed herein, the 
DNA encoding the molecules is expressed using recombmanttedmiques which are widely available in the art 
Often, the e3q)ression system of dioioe will involve a mammalian cell expression vector and host so diat die 
h^eromuMmer is {q>propriatelyglycosykted(e:g: in the case of heteromuhimerscomprismg antibody domains 

30 which are glycosylated). However, die molecules can also be produced in die prokaiyotic e3q)ression systems 
elaborated below. Normally, die host ceD will be transformed widi DNA encoding bodi die first polypeptide, 
the second polypeptide, die common light cham polypeptide, and other polypeptide(s) required to form the 
hetCTomultimer, on a smgle vector or independent vectors. Howev^, it is possible to Gq)ress die first 
polypeptide, second polypq>tide, and common light chain polypeptide (die heteromultimer components) in 

35 mdependent expression systems and couple the expressed polypeptides in vitro. 

The nucleic acid(s)(e^., cDNA or genomic DNA) encodmg die hetaxmiultimer and common light 
chain is inserted mto a replicable vector for fiudier clonmg (amplification of die DNA) or for expression. 
Many vectors are available. The vector components genially inchide, but are not limited to, one or more of 
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tbe roilowing: a signal sequHice, an origin of replication, one or more marker genes» an enhancer element, 
a promoter, and a transcription termination sequence. 

The polypeptides of the heteromultimer components may be produced as fusion polypeptides witii 
a signal sequence or other polypeptide having a specific clravage site at the N-tenninus of the mature protein 
5 or polypeptide. In general, the signal sequence may be a component of die vector, or it may be a part of the 
DNA that is inserted into the vector. Hie heterologous signal sequence selected preferably is one that is 
recognizedand proccssedCia, cleaved by a signal peptidase) by die host cell. For prokaryotic host cells, the 
signal sequaice may be substituted by a prokaryotic signal sequence selected, for example, from die group 
of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin n leaders. For yeast secretion die 

1 0 native signal sequence may be substituted by, eg. , die yeast mvertasc leader, alpha fector leader (inchiding 
SaccharomyceswidKbiyveroniyces o-fector leaders, die latter desdribed in U.S. Pat No. 5,010,182 issued 23 
April 1991), w acid phosphatase leader, the C albicans glucoamylase leader (EP 362,179 published 4 April 
1990Xor die signal desmbed in WO 90/1 3646 published 15 November 1990. In mammalian cell expression 
die native signal sequence (eig:, die antibody or adhesin presequence diat nomally directs secretion of diese 

15 molecules from human cells in vivo) is satisfactory, aldiough odier mammalian signal sequences may be 
suitable as well as vfail secretory leaders, for example, die herpes shnplex gD signal. ITie DNA far such 
precursorregion is ligated in reading frame to DNA encoding the polypqnides fcnming die heteromultimer. 

Both exfM^ion and clonmg vectors contain a nucleic acid sequence that enables the vectcn* to 
replicate in one or more selectedhost cells. Generally, in cloning vectors this sequence is one that enables die 

20 vector to replicate independentiy of die host chromosomal DNA, and inchides origins of replication or 
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and 
viruses. The origm of replicaticm from the plasmid pBR322 is suitable for most Gram-negative bacteria, die 
2|i plasmid origin is suitable fw yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) 
are useful for cloning vectors in mammalian cells. Generally, die origin of replication component is not 

25 needed far mammalian expression vectors (die SV40 origin may typically be used only because it ccmtains 
the early promoter). 

Expression and cloning vectors should contain a selection gene, also termed a selectable marker. 
TVpical selection genes encode proteins diat (a) confer resistance to antibiotics or odier toxins, ag.. ampicillm, 
neomycin, mediotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) si^ly critical 

30 nutrients not available from complex media, eg., die gene encoding D-alanine racemase for Bacilli. One 
example of a selection scheme utilizes a drug to arrest growdi of a host cell. Those cells diat are successfiilly 
transformed widi a heterol(>gous gene produce a protein conferring drug resistance and dius survive die 
selection reghnen. Examples of sudi dominant selection use die drugs neomycin (Soudiem era/., J. Molec. 
AppL Genet 1:327 (1982)). mycophaiolic acid (Mulligan ei oL, Science 202:1422 (1980)) ot hygnnnycin 

35 (Sugdcn et aL, Mol. CelL BioL 5:41 0-413 (1985)). The diree examples given above employ bacterial gaies 
under eukaryotic control to convey resistance to die appropriate drug G418 or neomycm (geneticinX xgpt 
(mycophraolic acid), or hygromycin, respectively. 
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Another example of suitable selectable markers for mammalian cells are those that oiable tiie 
identification of cells competent to take up the heteromultimer nucleic acid, such as DHFR or thymidine 
kinase. The ma mm alia n cell transformantsare placed undw selection pressure that only the transformants are 
uniquely adapted to survive by virtue of having takai up the marker. Selection pressure is imposed by 
5 cuhuring tiie transforaiants under conditions in which the concentration of selection agent in the medhmi is 
successivelydianged,thCTeby leadmg to amplification of both the selection gene and die DNA that encodes 
heteromuhnner. Increased quantities of heteromultfaner are synthesized fix)m Ae amplified DNA. Other 
examples of amplifiable genes inchide metallodiionein-I and -II, preferably primate metallothionein genes, 
adenosine deaminase, ornithine decarboxylase, etc, 

1 0 Fw example, cells transfonned wrtfj the DHFR selection gene are first idratified by culturing all of 

the transformantsin a culture medhun that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line 
deficient m DHFR activity, prepared and propagatedas described by Uriaub and Chasin, Proc. Natl. Acad. Sci. 
USA 22:4216 (1980). The transformed celk are then exposed to increased levels of methotrexate. This leads 

15 to the syndesis of muhiple copies of the DHFR gene, and. concomitantly, multiple copies of other DNA 
comprising the expression vectors, such as the DNA encoding the components of die hetenmiultnner. TTiis 
amplification technique can be used whh any otherwise suitable host, ATCC No. CCL61 CHO-Kl, 
notwithstanding the presence of oidogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 1 17,060). 

20 Alternatively, host cells (particularly wild-type hosts tfiat contain radogenous DHFR) transformed 

or co-transformed widi DNA sequences encoding heterwnultimer, wild-type DHFR protein, and another 
selectable marker such as aminoglycoside 3*-iAosphotransfoBse (APH) can be selected by cell growth in 
medium containing a selection agent for the selectable markor such as an aminoglycosidic antibiotic, eg., 
kanamycm, neomycin, or G418. See U.S. Patent No. 4,965,199. 

25 A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasmid YRp7 

(Stinchcomb et a/.. Nature 2S2:39 (1979); Kingsman et a!.. Gene 2:141 (1979); or Tschemper ei al.. Gene 
12:157(1980)). Theirp] geneprovidesaselectionmarkerforamutant strain of yeast lacking die ability to 
grow m tryptophan, for example, ATCC No. 44076 or PEP4-1 (Jones, Genetics fi5: 12 (1 977)). The preseiice 
of die trpl lesion m die yeast host cell genome dien provides an effective environment for detecting 

30 transformationbygrowdi in die absence of tryptophan. Similarly,i€u2-deficientyeaststrains (ATCC 20,622 
or 38,626) are complemented by known plasmids bearing the Lett! gene. 

In addition, vectors derived fiom the 1 .6 fun circular plasmid pKDl can be used for transformation 
of Kluyveromyces yeasts, Bianchi e/dl,Curr. Genet 12:185 (1987). More rec«itiy, an expression system 
for large-scale production of recombinant calf chymosin was reported for JC lactis. Van den Bwg, 

35 Bio/Technology fi:135 (1990). Stable multi-copy expression vectors for secretion of mature recombinant 
human serum albumin by industrial strains of Kluyveromyces have also been disclosed (Fleer ei oL^ 
Bio/Tedmology 2:968-975 (1991)). 
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Expression and cloning vectors usually contain a promoter that is recognized by the host organism 
and is opeiably linked to fte heteromultimer nucleic acid. A large number of promoters recognized by a 
variety of potential host cells are well known. These promoters are operably linked to heteromultimer- 
encoding DN A by removing the promoter from the source DN A by restriction enzyme digestion and inserting 
5 the isolated promoter sequence into the vector. 

Promoters suitable for use with prokaryotic hosts include the ^lactamase and lactose promoter 
systems (Chang et al. Nature 225:615 (1978); and GoeddeJ et d,. Nature 2il:544 (1979)X alkaline 
phoqshatase, a tryptophan (tip) promoter system (Goeddel,Nucleic Acids Res., S:4057 (1980) and EP 36.776) 
and hybrid promoters such as die tac promoter (deBoer et al„ Proc. Natl. Acad. Sci. USA Sfi:21-25 (1983)). 
1 0 HowevCT, other known bacterial promoters are suitable. Hieir nucleotide sequences have been published, 
thereby enabling a ^lled worker operably to ligate them to Dl^IA encoding the heteromultimer (Siebenlist 
etoL, CeU2Q:269(1980))usinglinkersoradaptorstosupp]yany requiredrestrictionsites. Promoters for use 
in bacterial systems also wiD contain a Shme-Dalgamo(S J).) sequence operably linked to the DNA encodmg 
the heteromultimer. 

15 Promoter sequences are known for eukaryotes. Virtuallyall cukaryotic genes have an AT-richr^ion 

located qjproximately 25 to 30 bases upstream frron Ae site where transcription is initiated. Another sequence 
found 70 to 80 bases qistream from the start of transcription of many genes is a CXCAAT regicm where X 
may be any nucleotide. At the 3' end of most eukaiyotic genes is an AATAAA sequence that may be the 
signal for addition of fte poly A tail to the 3' end of the coding sequence. All of tfiese sequraces are suitably 

20 inserted into eukaiyotic expression vectors. 

Examples of suitable prompting sequences for use with yeast hosts include the promoters for 3- 
phosphoglyceratekinase(Hit2emaner oil, J. BioL Chem. 251:2073 (1 980)) or other glycolytic aizymes (Hess 
et aL, h Adv. fiizyme Reg. 2:149 (1968); and Holland, Biochemistry J2:4900 (1978)), such as enolase, 
glyccraldehyde-3-pho^hale dehydrogenase, hcxokinase, pyruvate decarboxylase, phosphofructokinase, 

25 glucose-6-phosphate isomoBse, 3-phosphoglycerate mutase, pyruvate kmase, triosq)ho5phate isomerase, 
phosphoglucose isomerase, and glucokinase. 

Other yeastpromot^ which are mduciblepromoters having the additional advantage of transcription 
controlled by growtii conditions, are the promoterregions for alcohol dehydrogenase2, isocytochiomeC, acid 
phosphatase, degradativeen^ones associated with nitrogen metabolism, metallothionein, glyceraldehyde-3- 

30 phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors 
and promoters for use in yeast esqnession are fiirther described in Hitzeman et oLy EP 73,657A. Yeast 
enhancers also are advantageously used with yeast promotes. 

Hetmrnuhimo' transcription from vectors in mammalian host cells is controlled, for example, by 
promoters obtained fiiom the goiomes of viruses such as polyoma vbus, fowlpox virus (UK 2,211,504 

35 published 5 July 1989X adenovirus (sudi as Adenovirus 2\ bovine papilloma vims, avian sarcrana virus, 
cytomegalovirus, a retrovirus, hqiatitis-B virus and most preferably Simian Virus 40 (SV40), from 
hetaologous ma mmali a n promotes, eg:, the actin promoter or an inununoglobulin promoter or from heal- 
^ock promoters. 
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The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction 
fi^entthat also containstheSV40 viral origin of replication. Fierse/ai:, Nature 221: 113 (1978); Mulligan 
and Berg, Science 202: 1422- 1427 (1980); Pavlakis eiaL, Proc, Natl. Acad Sci. USA 2&:7398.7402 (1981). 
The immediate early promoter of the human cytomegalovirus b conveniently obtained as a Hmdlll E 
5 restriction fiagment Greenaway et aL, Gene Jfi:355-360 (1982). A system for expressing DNA in 
mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,41 9,446. A 
modification of this system is described in U.S. Patent No. 4,60 1 ,978. See also Gray et a!.. Nature 225:503- 
508 (1982) on expressing cDN A encodmg immune mterferon in monkey cells; Reyes ef a/.. Nature 297:598- 
601 (1 982) on expression of human P-interfCToncDNA in mouse cells under the control of a thymidine kinase 

10 promoterfrom herpes simplex vmis;Canaani and Berg, Proc. Natl. Acad. ScL USA 22:5166-5170 (1982) on 
expression of the human interferonpi gene in cultured mouse and rabbit cells; and Gorman et al.^ Proc. Natl. 
Acad. ScL USA 22:6777-6781 (l982)onexpressionof bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and mouse NIH-3 T3 eel Is using the Rous 
sarcoma virus long terminal repeat as a {Homoter. 

15 Transcription of DNA encoding the heteromukimer components by higher eukaiyotes is often 

increased by insertmgan enhancer sequence into the vector. Enhancersare relatively orientation and position 
independent,having been found 5* (Lahnins et al, Proc. Natl. Acad. Sci. USA 25:993 (1 98 1 )) and 3' (Lusky 
et al,, Mol. Cell Bio. 2:1 108 (1983)) to the transcription unit, within an mtron (Baneiji et at. Cell 22:729 
(1983)), as well as wiAm the coding sequence itself (Osborne etal, Mol. Cell Bio. 4:1293 (1984)). Many 

20 enhancer sequences m now known from mammalian genes (globin, elastase, albumin, a-fetoj^otcin, and 
insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the 
SV40 enhancer on the late side of the r^lication (Higin (bp 100-270), the cytomegalovirus eariy promot»- 
enhancer,the polyoma oihancer on the late side of the replication origin, and adenovirus enhancers. See also 
Yaniv,Nature2S2:17-18(1982)onenhancingelementsforactivationof eukaryoticpromoters. The enhancer 

25 may be spliced into the vector at a position 5' or 3* to tiie heteromultimer-encodingsequence, but is prefMly 
located at a site 5* from the promoter. 

Expression vectors used in eukaryotic host cells (yeast, fimgi, insect, plant, animal, human, or 
nucleated cells from other multicellular organisms) will also contam sequences necessary for the termination 
of transcription and for stabilizing the mRNA. Such sequences are commonly available fiom the 5' and, 

30 occasionally3\untranslatedregionsofeukaryoticorvn^DNAsorcDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding the 
heteromultimer. 

Construction of suitable vectors containing one or more of the above listed components employs 
standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and religated in the 
35 form desired to genoBte the plasmids required. 

For analysis to confirm correct sequoices in plasmids constructed, the ligation mixtures are used to 
transform K coli K12 strain 294 (ATCC 31,446) and successful tiansfonnants selected by ampicillin or 
tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by 
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restriction cndonuclease digestion, and/or sequenced by the metiiod of Messing et al. Nucleic Acids Res. 
2:309 (1981) or by the method of Ma3cam et a/., Mediods in Enzymology fiS:499 (1980). 

Particulariy useful in tiie practice of diisinvaition are expressionvectorsthat provide for the transient 
expression in mammalian cells of DNA encoding heteromuWmer. In general, transient expression involves 
5 the use of an expression vector that is able to replicate efficiently in a host cell, such that die host cell 
accumulates many copies of the expression vector and, in turn, synthesizes high levels of a desired polyp^de ? 
encoded by the expression vector. Sambrook et al,, supra, pp. 16.17 - 16.22. Transirat expression systems, 
comprising a suitable expression vector and a host cell, allow for the convenient positive identification of 
polypcptidesencbdedby cloned DNAs, as well as for the rapid screaiing of heteromultimers having desired 
10 binding specificities/affinities or the desired gel migration characteristics relative to hetert>multimers or 
homomultimers lacking tiie non-natural disulfide bonds generatkl according to tiie instant myention. 

O&CT methods, vectors, and host celb suitable for adq)tation to the synthesis of the heteromuhnner 
in recombinantvertebrate cell culture are described in Getiiing et al. Nature 293:620-625 (1981); Mantei et 
ai,Nature2£l:40-46(1979i);EP ll7,060;andEP 117,058. A particularlyusefulplasmid for mammalian ceU 
15 culture expression of the heteromultimer is pRK5 (EP 307,247) or pSVI6B (PCT pub. no. WO 91/08291 
published 13 June 1991). 

The choice of host cell line for the expression of heteromultimer depends mainly on the expression 
vector. Another consideration is the amount of protein that is required. Milligram quantities often can be 
produced by transient transfections. For example, the adenovirus EIA-transfbrmed 293 human embryonic 
20 kidney cell line can be transfected transiently with pRK5-based vectors by a modification of the calcium 
phosphate metfiod to allow efficientheteromultimerexpression. CDM8-based vectors can be used to transfect 
COS cells by the DEAE^Iextran method (Aruffoe/ al. Cell M: 1303-13 13 (1990); and Zettmeissler a/., DNA 
Cell BioL (US) 2:347-353 (1990)). If larger amounts of protein are desired, tiie nmnunoadhesin can be 
expressed after stable transfection of a host cell line. For example, a pRK5-based vector can be introduced 
25 into Chinese hamster ovaiy (CHO) cells in the presence of an additional plasmid encoding dihydrofolate 
reductase (DHFR) and conferring resistance to G418. Clones resistant to G418 can be selected in culture. 
These clones are grown in tiie presence of increasing levels of DHFR inhibitor methotrexate and clones are 
selected in which die number of gene copies aicoding die DHFR and heteromuhimer sequences is co- 
amplified. If the immunoadhwin contains a hydrophobic leado- sequence at its N-taminus, it is likely to be 
30 processed and secreted by the transfected cells. The expression of nnmunoadhesins wiA more complex 
structuresmay require uniquelysuitedhostcelk. For example, c»mponentssuc^ or J chain may 

be provided by certain myeloma or hybridoma host cells ((jascoigne ci al , stq>rcr, and Martin etal.h Virol. 
62:3561-3568(1993)). 

Other suitable host cells for cloning or expressmg the vectors herein are prokaiyote, yeast, or other 
35 higher eukaryote ceUs desaibed above. Suitable jwkaryotes for tfiis purpose include eubacteria, such as 
Gram-negative or Gram-positiveorganisms. for example, Enterobacteriaceaesuch as Escherichia, eg., £ co/j, 
Emerobacter, Erwinia, Klebsiella, Proteus, Salmomlla, eg.. Salmonella typhimurium, Serratia, eg., Serratia 
nuxrcexans,mdShi^aswtUasB(KinisadiasB,subtiliszii6B, licheniformis(e.g.,B, licheniformis 41? 
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disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P, aeruginosa, and Streptomyces, 
One preferred £L coli clraing host is EL coli 294 (ATCC 3 1,446), although other strains such as £. coU B, £ 
CO// XI 776 (ATCC 3 1^37), and £L co/i W3 1 1 0 (ATCC 27325) are suitable. These examples are iUustrative 
ratherthan limiting. Stram W3 11 0 is a particularly preferred host or parent host because it is a common host 
5 strain for recombinantDNA product fermentations. Preferably, the host cell should secrete minimal amounts 
of proteolyticenzymes. For example, strain W3 1 1 0 may be modified to effect a genetic mutation in Ae genes 
encodingproteins,witfiexamplesofsudihostsincluding£: co// W3 110 strain 27C7. The complete genotype 
of 27C7 is tonAA ptrS phoAAEJS A(argF'lac)169 ompTA degP41kmf, Strain 27C7 was deposited on 30 
Octoberl991 in the American Type Culture Collection as ATCC No. 55,244. Ahanatively. the strain of £ 
10 co// havingmutantperiplasmicproteasedisclosedinU.S. Patent No. 4.946,783 issued 7 August 1990 may be 
employed. Alternatively, mediods of cloning, e^., PCR or other nucleic acid polymerase reactions, are 
suitable. 

hi addition to prokaryotes,eukaryoticmicrobes such as filamentous fungi or yeast are suitable cloning 
or expression hosts for heteromuhimw-encoding vectors. Saccharomyces cerevisiae, or common baker's 

1 5 yeast, is the most commonly used among lower cukaryotic host microorganisms. However, a number of other 
genera, species, and strains are conunonly available and useful herein, such as Schaosaccharomyces pomhe 
(Beach and Nurse, Nature 22fi: 140 (1981); EP 139383 (mblishedMay 2, 1985); jaiovcrom>«cj hosts (U.^^ 
Patent No. 4,943329; Fleer crdl, stq>ra) such as, eg., K, lactis (MW98-8C,CBS683,CBS4574;Louvencourt 
cf fl/., J. BacAerioL, 222 (1983)), ILfragilis (ATCC 12,424X K buigaricus (ATCC 16,045X IC wickeramii 

20 (ATCC24,178).X: nw/tf/ (ATCC 56,500), Al ^AwopWibTwn (ATCC 36^^^^ 

. thermotderans, and K marxianus;yarrowia (EP 402,226); P/cAia pastoris (EP 183,070; Sreekrishna et aL^ 
J. Basic MicrobioL2S:265-278(1988));OimMi; 7yichodermareesia(^?2U;i34);Neurosporacrassa{^^ 
et al., Proc. Natl. Acad. Sci. USA 26:5259-5263 (1979)); Schwamdomyces such as Schwanniornyces 
occidenudis (EP 394338 publidied 31 October 1990); and filamentous fungi such as, e^., Neurospora, 

25 PeniciUhan, Tolypocladium (WO 91/00357 published 10 January 1991X and Aspergillus hosts such as A, 
nidulara (Ballance crdL, Biochem.Biophys.Res. Commun. 112:284-289 (1983); Tilburag/g/, Gene2fi:205- 
221 (1983);Yeltoncra£, Proc. Natl. Acad. Sci. USA 41: 1470- 1474 (1984)) and A /i/gcr (Kelly and Hynes, 
EMBO J. 4:475-479 (1985)). 

Suitable host cells for the eqjressbn of glycosylated heteromultimer are derived fiom multicellular 

30 organisms. Such host cells are cq>able of complex processing and glycosyladon activities. In principle, any 
higho- eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. Examples of 
invertebratecellsinchide plant and insect cells, NumCTOusbaculoviral strains and variants and corresponding 
permissive insect host cells from hosts sudi as !^>odopterafiupperda (cateq>illarX Aedes aegypti (mosquito), 
Aedes albopictus (mosquito), Drosophilamelanogaster (fruitfly), and Bomfyx mari have been identified. See, 

35 eg., Luckow et aL, Bio/Technotogy6:47-55 (1988); Miller ai, in Genetic Enginemng. Setlow et al, eds., 
Vol 8 (Plenum Publidiing, 1 986X pp. 277-279; and Maedaefdl, Nature 115:592-594 (1985). Avarietyof 
viral strains for transfection are publicly available, eg., Ae L- 1 variant of Autographa califbmica NPV and 
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the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein according to the 
present invention, particularly for transfecdon oiSpodoptera fivgiperda celb. 

Plant cell cultures of cotton, com, potato, soybean, petunia, tomato, and tobacco can be utilized as 
hosts. Typically, plant cells are transfectedby incubation with certain strains of the bacterium Agrobactertum 
5 tum^aciens, which has been previously manipulated to contain Ae heteromuhimer DNA. . During incubation 
of die plant cell cuhure with A. ttmrfaciens, the DNA encodmg die heteromultimer is transferred to the plant 
I cell host such diat it is trwisfected, and will, under appropriate conditions, express the heteromultimer DNA. 
In addition, regulatory, and signal sequences compatible with plant celb are available, such as the nopaline 
synthase promoter and polyadenyladon signal sequences, Depicker cf a/., J. MoL Appl Gen. 1:561 (1982). 

10 In addition, DNA segments isolated from the upstream region of the T-DNA 780 gene arc capable of 
activating or increasing transcription levels of plant-expressible genes in recombinant DNA-containing plant 
tissue. EP 321,196 published 21 June 1989. 

The preferred hosts are vertebrate cells, and propagationof vertebrate cells in culture (tissue cuhure) 
has become a routine procedure m recent years (Tissue Cuhure. Academic Press, Kruse and Patterson, editors 

1 5 (1973)). Examples of useful mammalian host cell lines are monkey kidney CVl line transformed by SV40 
(COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcl<med for growth in 
suspension culture, Graham etoL.h Gen Virol 2fi:59 ( 1 977)); baby hamster kidney cells (BHK, ATGC CCL 
10); Chinese hamster ovary cellsZ-DHFR (CHO, Uriaub and Chasin. Proa Natl. Acad. ScL USA 22:4216 
(1980)); mouse Sertoli cells (TM4, Mather, Biol. Reprod. 22:243:251 (1980)); monkey kidney cells (CVl 

20 ATCC CCL 70); African green monkey kidney cells (VERO-76. ATCC CRL-1587); human cervical 
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo lat liver cells 
(BRL 3A, ATCC CRL 1442); human hmg celb (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065);mousemammarytumor(MMT060562,ATCC CCL51); TRI cells(Mathercf a/.. Annals N.Y. Acad. 
Sci, aai:44-68 (1982)); MRC 5 cells; FS4 cells; and a human hq)atoma line (Hep G2). 

25 Host cells are transfected widi the above-described expression or cloning vectors of this mvention 

and cuhured in conventionjal nutrient media modified as appropriate for inducing promoters, selecting 
transformants, ot amplifying the gwies encoding the desired sequences. Depending on the host ceil used, 
transfection is done using standard techniques ^propriate to such cells. The calchmi treatment onploying 
calcium chloride, as described in section 1 .82 of Sambrook 0 aL, supra, or electroporation is generally used 

30 for prokaryotes or other cells that contain substantial cell-wall barriws. Infection whh Agrobactenum 
tum^aciem is used for transfbrmationof certain plant cells, as described by Shaw et al , Gene 22:3 1 5 (1 983) 
and WO 89/05859published29 June 1989. In addhion,plantsmay be transfected using uhrasound treatment 
as described in WO 91/00358 publi^ed 10 January 1991. 

For manunalian cells witiiout such cell walls, die calcium phosphate preciphationmetiiod of Graham 

35 and van der Eb, Virology 52:456-457 (1978) is preferred. General aspects of mammalian cell host system 
transformations have been described by Axel in U.S. Patent No. 4^99,216 issued 16 August 1983. 
Transformations into yeast are typically carried out according to die m^od of Van Solingen et a!., J. Bact 
122:946 (1977) and Hsiao et aL, Proc Natl, Acad ScL (USA) 26:3829 (1979). However, other metiiods for 
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introducing DNA into cells, sudi as by nuclear microinjection,eIectroporadon,tecteriaIprotoplastte 
intact cells, or polycations,fcg:, polybrene, polyomithine, etc., may also be used. For various techniques for 
transformingmammalian cells, see Keown et ah, Mediods in Enzymology (1989), Keown et a!.. Methods in 
En^ology JS5:527-537 (1990). and Mansour et al. Nature 336:348-352 n 988V 
5 Prokaiyot ic cells used to produce die heteromultimer polypeptide of diis invention are cultured in 

suitable media as described generally in Sambrook a/., 5Xfpra. 

Hie mammalian host cells used to produce the heteromultimer of this mvention may be cultured in 
a variety of media. Commwcially available media sudj as Ham's FIO (Sigma), Mmimal Essential Medium 
((MEM). Sigma), RPMl-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are 

10 suitablefor culturingthe host cells. In addition,any of the media described in Ham and Wallace. Metfi. Enz. 
5S:44 (1979), Barnes and Sato, AnaL Biochem. 122:255 (1980). U.S. Patent Nos, 4,767.704; 4,657.866; 
44>27.762; or 4,560,655; WO 90/03430; WO 87/00195;U.S. PatentRe. 30,985; orU.S. PatentNo. 5.122,469. 
Ae disclosuresof all of which are incorporatedhercin by reference,may be used as culture media for the host 
cells. Any of these media may be supplemented as necessary whh hormones and/or other growth factors (such 

15 as insulin, transferrin,or epidermal growth fectorX salts (such as sodium chloride, calcmm, magnesium, and 
phosphate), buffers (such as HEPES). nucleosides (such as adenosine and thymidine), antibiotics (such as 
Gentamydn™ drug), trace elements (defined as inorganic compounds usually present at final concentrations 
in the micromolarrangeX and glucose or an equivalent energy source. Any other necessary supplements may 
also be mcluded at appropriate concentrations that would be known to those skilled m the art The culture 

20 conditions, such as temperature, pH. and the like, are those previously used with the host cell selected for 
expression, and will be apparent to the ordinarily skilled artisaa 

In goieral, principles, protocols, and practical techniques for maximizmg the productivity of 
mammalian cell cukures can be found in Mammalian Cell Biotechnology: a Practical Approach, M. Butier. 
ed,IRL Press, 1991. 

25 The host celb referred to in this disclosure encompass cells in culture as well as cells that are withm 

a host animal. 

4. Recoverv of the Heteromultimer 

The heteromultimer prefmbly is generally recovered from the culture medium as a secreted 
polypeptide, although it also may be recovoied from host cell lysate whai directly produced without a 
30 secretory signal. If tiie heteromultimer is membrane-bound, it can be released from the membrane using a 
suitable detergent sohition (eg. Triton-X 100). 

When the heteromultimer is produced in a recombinant cell oth«" than one of human origin, it is 
completely free of proteins or polypeptides of human origin. However, it is necessary to purify the 
heteromultimer from recombinant cell im>tems or polypeptides to obtam preparations that are substantially 
35 homogeneous as to heteromuhimer. As a first step, the culture medhnn or lysate is normally centrifuged to 
remove particulate cell debris. 

H^erodimers having antibody constant domains can be convenientiy purified by hydroxyl^jatite 
chromatography, gel electrophoresis,dialysis,or affinity chromatography, widi affinity chromatogr^hy being 
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the prefored purification tedmique. Where the heteromultimer comprises a C^3 domain, the Bakerbond 
ABX™ resin (J. T. Baker, Phillipsburg, NJ) is useful for purification. Other techniques for protein 
purification such as fractionation on an ion-exchange cohimn, eAanoJ precipitation, reverse phase HPLC, 
chromatography on silica, chromatogr£q)hy on heparin Sepharose, chromatography on an anion or cation 
5 exchange resin (such as a polyasparticacid coIumnX chromatofocusing, SDS-PAGE, and anunonium sulfete 
precipitationare also available depending on Ae polypeptide to be recovered. The suitability of protein A as 
an affinity iigand depends on the species and isotype of the im^unogtobulin Fc domain that is used in the 
chimera. Protein A can be used to purify immunoadhesmsthat are based on human yl , y2, or y4 heavy chams 
(Lindmarice/a£, J. Immunol. Meth. fi:l-13 (1983)). Protcm G is recommraded for all mouse isotypes and 

10 for human yS (iGuss et aL, EMBO J. 5:15671575 (1986)). Hie matrix to which Ae affinity Ugand is attached 
is most often agarose, but other matrices are available. Mechanically stable matrices such as controlled pore 
glass or poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be 
achieved with agarose. The conditions for binding an immunoadhesin to the protein A or G affinity column 
are dictatedentirely by the characteristics of tiie Fc domain; that is^ its species and isotype. Generally, when 

15 the proper Iigand is chosen, efBcient binding occurs directly from unconditioned culture fluid. One 
distinguishing featur^ of imrounoadhesins is that, for human yl molecules, the binding aq>acity for protein 
A is somewhat diminished relative to an antibody of the sarhe Fc type. Bound immunoadhesin can be 
efficientiy eluted either at acidic pH (at or above 3.0X or in a neutral pH buffer contaminga mildly chaotropic 
salt This affinity chromatography step can resuh in a beterodimer preparation that is >95% pure. 

20 5. Uses for a Heteromultimeric Muhispecffic Antibodv Having Common Lipht Chamf^ 

Many therapeutic plications for tiie< heteromuhimer are contemplated For example, the 
heteromuhma er can be used for redirected cytotoxicity (eg. to kill tumor cells), as a vaccine adjuvant, for 
delivering thrombolyticagents to clots, for omvertingenzyme activated prodrugs at a target site {e,g, a tumorX 
for treating infectious diseases, targeting immune complexes to cell surface receptors, or for delivering 

25 immunotoxinsto tumor cells. Fot example, tumor vasculature targetmg has been accomplished by targeting 
a model endothelial antigen, class 11 major histocompatibility compile, with an antibody-ricin iimnunotoxin 
(Burrows, FJ. and Tborpc, P£. (1993) Proc Nati Acad Sci USA 20:8996-9000). Significantiy greats- 
efficacy was achieved by combfaiing the anti-endothelial inwnunotoxin with a second inmiunotoxin directed 
againstthetumorcellsthemselves(BurTOws,FJ.andTboipe,P.E. (1993) «(pro). Recentiy, tissue fector was 

30 successfiilly targeted to tumor vasculatureusing a bispecific antibody, triggering local tfutimbosistiiat resulted 
m significant anti-tumor efficacy (Huang, X. et al. (1997) Science 224:547-550). In addition, bispecific 
diabodies have been used successfully to direct cytotoxic T-cells to kill target breast tumor cells and B-ceU 
lymphoma cells in vitro (Zhu, Z. et ai. (1996) Bio/Technology J4:192-196; and HoUiger, P. et al. (1996) 
Protein Engin. 2:299-305). 

35 Therapeutic formulations of the heteromultimer are prepared for storage by mbdng the 

heteromultimer havmg the desired degree of purity widi optional physiologically acceptable carriers, 
excipients, or stabilizers (Remington's Hiarmaceutical Sciences, 16th edition, Osol, A., EA, (1980)X in tiie 
form of lyophilized cake or aqueous sohitions. Acceptable carriers, excipients or stabilizers are nontoxic to 
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recipients at the dosages and concentrations eniployed, and mclude buffers sudi as phosphate, citrate, and 
oAer organic acids; antioxidants inchiding ascorbic acid; low molecular weight (lesstiian about 10 residues) 
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophUic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, giutamme, asparagine, aiginine or lysme; 
5 monosaccharides,disaccharides,and other carbohydrates including glucose, mannose, or dextrins; chelating 
agents such as EDTA; sugar alcohols such as mannitol or sorbitol; sah-forraing counterions such as sodium; 
and/or nonionic surfactants such as Tween, Phironics or polyethylene glycol (PEG). 

The hetercHnultimeraiso may be entrapped in microcapsulesprepared, for example, by coacervation 
techniques or by mterfacial polymerization (for example, hydroxymediylcellulose or geIatin-micro«^es 
10 and poly-[metfiyhnetiiacylate]microcapsuIes, respectively), in colloidal drug delivery systems (for example, 
liposomes, albuminmicrosphercs,microemulsions,nano-paTticles and nanocapsulesX or in macroemulsions. 
Such techniques are disclosed in Remington's Pharmaceutical Sciences, stqnxt. 

The heteromukmierto be used for in vivo admmistrationmust be sterile. This is readily accomplished 
by filtration through sterile filtration membranes, prior to or following lyophilization and reconstitution. The 
1 5 heieromultimer ordinarily will be stored in lyophilized form or in solution. 

Th«tq)eutic heten)multimercompositi(Misgaierallyareplacedintoa containerhavinga sterileaccess 
port, for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic mjection 
needle. 

The route of heteromultimer administration is in accord with known methods, eg., injection or 

20 infusion by iiitravenous, intraperitoneal, intracorebral, intramuscular, intiaoc^ intraarterial, w intralesional 
routes, or by sustained release systems as noted below. The heteromultimer is administered continuously by 
infusion or by bolus injection. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymm containing tiic protein, which matrices are in the form of diaped articles, eg., fihns, 

25 or microc^sules. Examples of sustained-release matrices inchide polyesters, hydrogels (eg., poly(2- 
hydroxyettiyl-methaciylate) as described by Langer et ai„ J. Biomed. Mater. Res. 11:167-277 (1981) and 
Langer,C3iean. Tech. J2:98-105 (1982) or poly(vinylalcohol)), polylactides (U.S. Patent No. 3,773,919, EP 
58,481), copolymers of L-ghitamic acid and gamma ethyl-L-glutamate (Sidman et aL, Biopolymers 22:547- 
556 (1983)),non-degradabIeethyl«ie-vinyIacetate{Langare/a£, stg)ra\ degradable lactic acid-glycolic acid 

30 copolymers such as tiie Lupron Depot™ (injectable microspheres composed of lactic acid-glycolic acid 
copolymer and leuprolide acetate), and poly-EK.>3-hydroxybutyric acid (EP 133,988). 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 
moleculesfor ovCT 1 00 days, certam hydrogels release proteins for shorter time paiods. Whm encapsulated 
proteins remain in tiie body for a long time, tibey may denature or aggregate as a irailt of exposure to moisture 

35 at 37*'C, resulting in a loss of biological activity and possible changes in immunagenichy . Rational strategies 
can be devised for protein stabilization depending on tiie mechanism involved. For example, if tiie 
aggregation mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide 
intentonge, stabilization may be adiieved by modifying sulfhydryl residues, lyophilizmg from acidic 
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solutions, controUingmoisture content, using sCTropriate additives, and developing specific polymw' matrix 
compositions. 

Sustained-releaseheteromultimercompositionsalso include Uposomally entr^ped heteromuhimer. 
Liposomes containingheteromuhimerare prepared by methods known /^er^e: DE 3;21 8, 121; Epstein et al,, 
5 Proc. Natl. Acad. Sci. USA S23688-3692 (1985); Hwang et aL, Prtic. Natl. Acad. Sci. USA 22:4030^034 
(1980);EP52322;EP 36.676; EP 88.046; EP 143.949; EP 142,641; Japanese patent application 83-1 18008; 
U.S.PatentNos.4.485,045and4.544,545;andEP 102,324. Qrtfnarily the liposomes are of the small (about 
200-800 Angstroms) unilamellar type in which Ae lipid content is great^ Aan about 30 mol. % cholesterol, 
the selected proportion being adjusted for tiie optimal heteromultimcr thwapy! 

10 An effective amount of heteromuhimer to be employed therapeutically will depend, for example, 

upon the therapeutic objectives, the route of admmistration, and the condition of the patient Accordingly, it 
will be necessary for tiie tiierapist to titCT the dosage and modify tiie route of administration as required to 
obtam the optimal ther^utic effect A typical daily dosage might range ftom about 1 ng/kg to up to 10 
mg/kg or more, depending on the factors mentioned above. Typically, fee clinician will administer 

15 heteromultimeruntiladosageisreachedthatachievcsthedesiredefrect The progress ofthis therapy is easily 
monitored by conventional assays. 

The heteromultimersdescribed herein can also be used in enzyme immunoassays. To achieve this, 
one arm of fee heteromuhnner can be designed to bind to a specific epitope on die enzyme so that binding 
does not cause enzyme inhibitiwi, the oAer arm of the heteromuWmttr can be designed to bind to the 

20 immobilizing matrix aisuring a high enzyme density at die desired site. Examples of such diagnostic 
heteromultimers inchide those having specificity for IgG as well as ferritin, and those having binding 
specificities for horse radish peroxidase (HRP) as well as a hormone, for example. 

Tlic heteromultimerscan be designed for use in two-site nnmurioassays. For example, two bispecific 
heteromultimers are produced binding to two separate epitopes on the analyte protein - one hctertmiultimer 

25 binds die complex to an insohible matrix, the other binds an indicator enzyme. 

Hetermnultimers can also be used for in vitro or in vivo immunodiagnosis of various diseases such 
as cancer. To fecilitate this diagnostic use, one arm of the heteromuhimer can be designed to bind a tumor 
associated antigen and the ottierarm can bind a detectable marker (eg. a chelator which bmds a radionuclide). 
For example, a heteromultimerhavmg specificitiesfor the tumor associatedantigen CEA as well as a bivalent 

30 haptencanbeusedforimagingofcolorectalandthryroidcarcmomas. Othernon-thaapeutic, diagnostic uses 
for the heteromultimer will be apparent to the skilled practitioner. 

For diagnosticapplications,at least one arm of the heteromuhimer typically will be labeled directiy 
or indirectly with a detectable moiety. TTie detectable moiety can be any one which is c^le of producing, 
either directly or indirectly, a detectable signal For example, the detectable moiety may be a radioisotope, 

35 such as ^H, '^C, ^^P, ^^S, or *^I; a fluorescent or chemihmiinescent compound, sudi as fluorescein 
isothiocyanate, rhodamine, or hicifCTin; or an enzyme, sudi as alkalme phosphatase, beta-galactosidase or 
horseradish peroxidase (HRP). 
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Any method known in the ait for separately conjugating ttit heteromultimer to the detectable moiety 
may be employed, inchiding those methods described by Hunter et aL, Nature 144:945 (1962); David et c/., 
Biochemistiyl2:1014(1974); Pain er ai, J. Immunol. Meth. 4fi:219 (I9W); and Nygren, J. Histochem. and 
Cytochem. 22:407(1982). 

5 The heteromuWrners of Ae present invention may be employed in any known assay metfiod, such 

as competitive binding assays, direct and indirect sandwich assays, and unmunoprecipitation assays, Zola, 
Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press, be, 1987). 

Competitive binding assays rely on the ability of a labeled standard to compete with the test sample 
analyte for binding widi a limited amount of heteromultimer. The amount of analyte in Ae test sample is 

1 0 inversely proportional to the amount of standard that becomes bound to the heteromultimer. To fecilitate 
determining the amount of standard that becomes bound, the heteromultnners generally are insolubilized 
before or after the competition, so that the standard and analyte Aat are bound to the heteromukimers may 
conveniently be separated from tiie standard and analyte which remain unbound. 

The heteromultimers are particularly useful for sandwich assays which mvolve the use of two 

15 molecules, each capable of binding to a different immunogenic portion, or epitope, of the sample to be 
detected In a sandwich assay, the test sample analyte is bound by a first arm of the hetwomultimer which is 
inunobilizedon a solid siqjport, and fliereafter a second arm of the htteromultimer binds to the analyte, tiius 
forming an insoluble three part complex. See, eg., US Pat No. 4^76,1 10. The second arm of the 
heteromuhimermay itself be labeled with a detectable moiety (direct sandwich assays) or may be measured 

20 using an anti-immunoglobulinandTxxlythat is labeled with a detecta^ For 
example, one type of sandwich assay is an EUSA assay, in wljich case the detectable moiety is an enzyme. 

Below are examples of specific embodiments for carrying out die present m vention. The examples 
are offered for Ulustrative purposes only, and are not intended to limit the scope of the present mvention in 
any way. 

25 All publications, patents and patent applications ched herein, whedier supra or infra^ are hereby 

mcorporated by refierence in tiieir entirety. 

EXAMPLES 

A strategy is presented for preparing Fc-containing BsAb (Fig. IC). In this strategy, we have 
engineeredthe Ch3 domain of antibody heavy chains so that Aey heterodimerize but do not homodimerize. 

30 This was accomplished by mstalling mter-chain disulfide bonds in the CjP domain in conjunction with 
sterically complimentary mutations obtained by rational design (Ridgway et al., sttpra (1996)) and phage 
display selection as described hwein. Use of a single light chain for boA antigen bindmg specificities 
circumvents &e problem of light chain mispairing (Fig 1 A-IC). Antibodies wifli the same light diain were 
readily isolated by panning a very large human scFv library (Vaughan, T. J., a/., ( 1 996) siq^ra), 

35 ExMPIc 1; QepffPtion of Drotuberance-into-cavitv heterom u ltimer immmioadhesms 

The Ch3 interface between the humanized anti-CD3/CD4-IgG chimera previously described by 
Chamowe/oi J. Immunol 152:4268 (1994) was engineered to maximize the p^centage of heteromukimers 
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whidi could be recovered, Protuberance-into-cavityand wild-type CjP variants were compared in their abiUly 
to direct the formation of a humanized antibody-immunoadhesin chhnera (Ab/Ia) anti-CD3/CD4-IgG. 

Thus, mutations were constructed m the Ch3 domain of the humanized anti-CD3 antibody heavy 
chain and in CD4-IgG by site-directed mutagenesis using mismatched oligonucleotides (Kunkel et ai.. 
Methods EnzymoL 154:367 (1987) and R Carter, in Mutagenesis: a Practical Approach, M. J. McPherson, 
Ed., IRL Press. Oxford, UK, pp. 1-25 (1 991)) and verified by dideoxynucleotide sequencing (Sanger e/ a/.. 
Proc. Natl. Acad. Sci. USA 24:5463 (1977)), See Table 3 betow, 

TABLE3 



1 Most Preferred Mutants 


1 CH3ofanti-CD3 


qH3ofCI>4-lgG 


T366Y 


Y407T 


T366W 


Y407A 


F405A 


T394W 


Y407T 


T366Y 


T366Y:F405A 


T394W:Y407T 


T366W:F405W 


T394S:Y407A 


F405W:Y407A 


T366W:T394S 




1 Preferred Mutants || 


F405W 


T394S j 



Residue T366 b within hydrogen-bonding distance of residue Y407 on the partner Ch3 dwnain. 
Indeed the principal inteimolecular contact to residue T366 is to residue Y407 and vice versa. One 
protuberance-into^aviQijair was created by inverting these residues with die reciprocal mutations of T366Y 
m one Ch3 domam and Y407T in die partner donain thus maintaining the vohmie of side diains at the 
interfiice. Mutationsare denoted by the wild-type residue followed by the position using the Kabat numbering 
system (Kabatcfoi (1991)np/ti) and then thereplacementresiduein single-letter code. Multiple mutations 
are denoted by listing component single mutations sqwrated by a colon. 

Phagemids encoding anti-CD3 light (L) and heavy (H) chain variants (Shalaby et al., J. Exp. Med. 
12i:217 (1992) and Rodrigues et al., Int J. Cancer (SuppL) 2:45 (1992)) were co-transfected into hmnan 
erabiyonic kidney cells, 293S. together with a CD4-IgG variant encoding pfaagemid (Bym et al.. Nature 
244:667(1990))as previouslydescribed(Chamowerai, J. Immunol 152:4268 (1994)). TTie total amomit of 
transfectedphagemidDNAs was fixed whereas the ratio of different DNAs was varied to maximize die yield 
of AWIa chimera. TTie ratio (by mass) of la : heavy chain : light chain input DNAs (15 jig total) was varied 
as foUows: 8:1:3; 7:ld; 6:1:3; 5:1:3; 4:U; 3:13; 1:0:0; 0:1:3. 
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The products were affinity purified using Staphylococcal protein A (ProSqD A, BioProcessing Ltd, 
UK) prior to analysis by SDS-PAGE followed by scanning LASER densitometry. Excess light over heavy 
chain DNA was used to avoid the light cham from being limiting. The identhy of products was verified by 
electroblotting on to PVDF membrane (Matsudaira, J. Biol. Chem. 2fi2: 10035 (1987)) followed by amino 
5 terminal sequencing. 

Co-transfection of phagemidsfor light chain together with those far heavy cham and la incorporating 
wild-type Ch3 resuhed in a mixture of Ah/la chunera, IgG and la homodimer products as expected (Chamow 
et al, J. Immunol 152:4268 (1994)). The larga-the fraction of input DNA encoding antibody heavy plus li^t 
chams or la tiie higher the fraction of correspondinghomodhners recovered. An input DNA ratio of 6: 1 :3 of 

10 la:H:L yielded 54 J % Ah/Ia chimera with similar fractions of la homodimo- (22.5 %) and IgG (23.0 %). 
These ratios are in good agreement witii those expected from equimolar expression of each chain followed by 
random assortment of heavy drnins with no bias being introduced by die metfiod of analysis: 50 % Ah/la 
chimera, 25 % la homodimer and 25 % IgG. 

In contrast to chains containing wild-type 0^3, Ab/Ia chimera was recovered in yields of up to 92 

15 % from cotransfectionsin which the anti-CD3 heavy chain and CX>4-IgG la contained the Y407T cavity and 
T366Y protuterance mutations, respectively. Similar yields of antibody/immunoadhesin chimOT were 
obtained if Aese reciprocal mutations were mstalled with die protuberance on the heavy diain and the cavity 
in the la. In boA cases monomer was observed for die chain containing die protuberance but not die cavity. 
Whhout being limhed to any one tfieory, it is believed diat die T366Y protuberance is more disnq)tive to 

20 homodimer formationdian die Y407T cavity. TTie fraction of Ab^a hybrid was not significantly changed by 
increasing die size of botii protuberance and cavity (Ab T366 W, la Y407A). A second protuberance and 
cavity pair (Ab F405 A. la T394 W) yielded up to 7 1 % Ah/la chimera using a small fraction of la input DNA 
to offeet die unanticipatedproclivity of die la T394W protuberance variant to homodimerize. Combining die 
two independent protuberance-into-cavity mutant pairs (Ab T366Y:F405A, la T394W:Y407T) did not 

25 improve die yield of Ab/Ia hybrid over die Ab T366Y, la Y407T pair. 

The fraction of AVIa chbnera obtained widi T366Y and Y407T mutant pair was virtually 
independait of die ratio of input DNAs over die range te^ FurtiieTmore die contaminating species were 
readily removed from die Ah/la chimera by ion exdiange chromatography (0-300 mM NaCl in 20 mM Tris- 
HCl , pH8.0) on a mono S HR 5/5 colunm (Pharmacia, Piscataway,NJ). This augurs well for die preparation 

30 of larger quantities Ah/Ia chimeras using stable ceU lines whwe die relative expression levels of Ab and la are 
less readily marupulated than in die transient expression system. 

The protuberance-into<avit>mutationsidentifiedare anticipatedto increase die potential applications 
of Fc-containing BsAb by reducmg die complexity of die mixture of products obtained fiom a possible ten 
major species (Suresh et al,, Mediods EnzymoL 121:210 (1990)) down to four or less (Figs. lA-lB). It is 

35 expected diat the T366Y and Y407Tmutant pair will be useful for generatingheteromuWrnersof odier human 
IgG isotypes(sudi as IgGj, IgGj or IgG4)smce T366 and Y407 are fiiUy consCTved and odier residues at die 
0^3 domain inter&ce of IgG| are highly conserved. 

F^lP l g %\ Generation of non-naturallv occurring disulfide linkages in h e temmuhimerir immunnfldh^in^ 
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A. PgSlgn of CiP mter-chain disulfide bondfi 

Three criteria were used to identify pairs of residues for aigineeringa disulfide bond between partner 
CjP domains: i) The Ca separation preferably is similar to those found in natural disulfide bonds (5.0 to 6.8 
A) (Srinivasan, N., et at, Int J. Peptides Protein Res. 26:147-155 (1990)). Distances of up to 7.6 A were 
5 permitted to allow for mam chain movement and to take into account the uncertainty of atomic positions in 
the low resolution crystal structure (Deisenhofer. Biochemistry 22:2361-2370 (1981)). ii) The Ca atoms 
should be on different residues on the two Ch3 domains, ui) TTip residues are positioned to permit disulfide 
bonding (Srinivasan, N.. elal,{\ 990) w^ra). 

^- Modeling of disulfide hnnds Disulfide bonds were modeled into the human IgG, Fc 
(Deisoihofer, supra) as described for humAb4D5-Fv (Rodrigues et al.. Cancer Res. 55:63-70 (1995)) using 
Insight II release 95.0 (Biosym/MSI). ' , 

Constrttgtign of Cn^ ymm. Mutations were introduced into the C ^domain of a 
humanized anti-CD3heavy chain or CD4-IgG by site-directedmutagenesis(KunkeU/ a/., Methods Enzymol. 
154:367-382 (1987)) using the followmg synthetic oligonucleotides: 
15 Y349C, 5' CTCTTCCCGAGATGGGGGCAGGGTGCACACCTGTGG 3' (SEQ. ID NO: 1) 
S354C, 5' CTCTTCdCGACATGGGGGCAG 3' (SEQ. ID NO: 2) 
E356C, 5' GGTCATCTCACACCGGGATGG 3' (SEQ. ID NO: 3) 
E357C, 5' CTTGGTCATACAITCACGGGATGG 3' (SEQ. ID NO: 4) 
L351C, 5' CTCTTCCCGAGATGGGGGACAGGTGTACAC 3' (SEQ. ID NO: 5) 
20 D399C, 5' GCCGTCGGAACACAGCACGGG 3' (SEQ. ID Na 6) 

K392C, 5' CTGGGAGTCFAGAACGGGAGGCGTGGTACAGTAGTTCTT 3' (SEQ. ID NO: 7) 
T394C, 5' GTCGGAGTCTAGAACGGGAGGACAGGTCTTOTA 3' (SEQ. ID NO: 8) 
V397C. 5' GTCGGAGTCTAGACAGGGAGG 3' (SEQ. ID Na 9) 
D399S, 5' GCCGTCGGAGCTCAGCACGGG 3' (SEQ. ID NO: 10) 

25 IG92S, 5' GGGAGGCGTGGTGCTGTAGTTGTT 3' (SEQ. ID NO: 1 1) 

C231S:C234S S'GTTCAGGTGCTGGGCTCGGTGGGCTTGTGTXSAGTnTG 3' (SEQ. ID NO: 12) 

Mutationsaredaiotedbytfaeaminoacidresidueandnimiber(£unumberingscheme of Kabater a/., 
supra (1991), followed by die replacranent amino acid. Multiple mutations are represented by tiie smgle 
mutation separated by a colon. Mutants were verified by dideoxynucleotide sequraicing (Sanger et al,, supra 

30 ( 1 977)) using Sequenase version 2.0 (United States Biochemicals, Cleveland, OH). 

^* An inter-chain disulfide enhances heterodimer formatinn. Six pairs of molecules containing 
inter-chamdisulfide bonds in Ac Ch3 domain ("disulfide<:H3" variants; vl-v6. Table 4) woe compared with 
parent molecules in their ability to direct the formation of an Ah/la hybrid, anti-CD3/CD4-IgG (Chamow ei 
a/., stg}ra (1994)). Plasmids encoding CD4.IgG and anti-CD3 heavy cham variants were co-transfected into 

35 293S cells, along wiA an excess of plasmid encoding die anti-CD3 Ught diain. The yield of heterodimer was 
optimized by tiansfectmgwith a range of Ia:H chain:L diain DNA ratios. ITie AWIa heterodhner. IgG and la 
homodimer products were affinity-purifiedusing St^hy lococcalprotein A and quantified by SDS-PAGE and 
scanning hsear daisitometiy (Ridgway et al., supra (1996)). 
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Eachdisulfide<:H3 pair gave rise to Aree major species, similar to the parrot molecules. However, 
AMa heterodimer from disulfid&-CH3 variants was shifted m electrophoretic mobility, consistent wiA 
formation of an inter-chain disulfide in the Ch3 domain. FurAer evidence of disulfide bond formation was 
provided by the inter-chaindisulfidesm the hinge. Covalently bonded Ab/Ia hybrids were observed by SDS- 
5 PAGE for disulfide-Cj|3 variants but not for molecules with wildtype Ch3 domains in which hinge cysteines 
were mutated to serine. Disulfide-CH3 variants were prepared and designated Y349C/S354*C. Y349CyE356'C, 
Y349C/E35TC, L351C/E354'C, T394C/E39rc, and D399C/K392C. Only one variant (D399C/K392*C) 
substantially increased the yield of Ab/Ia hybrid over wildtype (76% vs. 52%, respectively) as determined by 
SDS-PAGE analysis of the variants. Mutations are denoted by the ammo acid residue and number (Eu 

10 numberingschemeof Kabat ct al. (1991) supra\ followed by the replacement amino acid. Mutations in the 
first and second copies of Ch3 come before and after the slash, respectively. Residues in the second copy of 
Ch3 are designated with a prime 0- Hiis improvementapparently reflects disulfidebond formation rather than 
replacement of residues K392 and D399, since the mutations K392S/D399'S gave both a similar Ab/Ia yield 
and Ab/la electrophoretic mobility relative to wildtype. Homodimers migrated similariy to those with 

1 5 wildtype Fc domains, demonstratingpreferential engineered inter-chain disulfide bond formation in the Ch3 
domain of heterodimers. All disulfide-CH3 variants were expressed at approximately tiie same levelas the 
parent molecules in 293S cells. 

Pi^lfite combined with nrotuberance-into-cavitv enyin eerine increases tfie yield of 
hgtgrgtfimcr \9 The best disulfide pair increased the percent of heterodimer to 76%. and the 

20 pronibcrance-into-cavitystrategy increased the percent of heterodimer to 87% (Table 4; see abo Ridgway et 
al., (1996) supra). These two strategic rely on different principles to increase the probability of generating 
heterodimer. Thwefore, we combined the two strategies, anticipating further hnprovement in the yield of 
hetCTodnner, Two of tfie modeled disulfides, containing L35 IC or T394C, could potoitially form disulfide- 
bonded homodimCTs as well as disulfide-bonded heterodimers (L35IC/S354'C and T394C/V397'C), thus 

25 decreasingtheirutility. Theremainingfourdisulfidepairswereinstalledintothephage-w^ 

(variants v9-vl6) and assayed for the yield of heterodimer (Table 4). Yields of approxnnately 95% 
heterodhner were obtained. Again, the hrterodimer showed an electrophoretic mobility shift compared to 
wildtype and v8 miants. 
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Table 4 

Yields of Heterodnners from C^3 Variants 
Mutations 





Variant 


SubunitA 


Subunit B 


Yield of 
heteriMlimer (%) 


5 


wildtype 


_ 




51 ± 1 




vl 


Y349C 


S354C 


54i:4 




v2 


Y349C 


E356C 


5516 




v3 


Y349C 


E357C 


57 ±4 




v4 


L351C 


E354C 


56 ±3 


10 


v5 


T394C 


E397C 


57 ± 2 




v6 


D399C 


K392C 






v7 


03998 




55 ± 1 




v8 


T366W 


T366S:L368A:Y407V 


86.7 ±2J 




v9 


T366W:D399C 


n66S:L368A:K392C:Y407V 


86J±0.5 


15 


vll 


S354C:T366W 


Y349C:T366S:U68A:Y407V 


95±2 




vl2 


E356C:T366W 


Y349C:T366S:U68A:Y407V 


94±2 




vl3 


E357C:T366W 


Y349C:T366S:L368A:Y407V 


93±2 




vl4 


T366W:K392C 


T366S:D399C:U68A:Y407V 


92±1 




vl5 


Y349C:T366W 


S354C:7366S:L368A:Y407V 


90 i:] 


20 


V16 


Y349C:T366W 


E356C:T366S:U68A:Y407V 


95.5 ±0J 




vl7 


Y349C:T366W 


E357C:T366Si368A:Y407V 


91.0 ±1.0 



Exmiplg 3; ^micnrrg-gtiidgd ffh^ec display selection for comDleinentafv init t ations Aat enhance nmtein- 
protein interaction in hetemmyttiynffPf 

The following strategy is useful in the selection of complementary mutations in polypeptides that 
interact at an intorfece via a muhimraization domain. The strategy is ilhistrated below as it ^plies to Ae 
selection of complementary protuberance-into-cavity mutations. However, the example is not meant to be 
limitingandthestrategymay be simOarlyappUed to the selection of mutations appropriate for the formation 
of non-naturally occurring disulfide bonds, leucme zipper motife, hydrophobic interactions, hydrophilic 
intnactions, and the like. 

^- Phage display selectig a. A phage display strategy was developed for the selection of stable 
Ch3 heterodimers and is diagramed m Fig.2. The selection uses a protuberance mutant, T366W (Ridgway 
et fl/., supra (1996)). fused to a peptide flag (gD peptide flag, for example, Lasky, L. A. and Dowbeako, D. 
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J. (1984) DNA 2:23-29; and Bennan, P. W., et al. (1985) Science 222: 1490-1492) that is coexprcssed with 
a second copy of Cj|3 fused to M13 gene III protein. A library of cavity mutants was created in this second 
copy of 0^3 by randomization of the closest neighboring residues to the protuberance on the first 0^3 
domain. Phage displaying stable C^S heterodimers were Aen captured using an anti-flag Ab. 
5 A 0^3 phage display library of 1.1 x 10^ independent clones was constructed by replacement of a 

segment of the natural 0^3 gene witii a PCR fragment The fragment was obtained by PCR amplification 
using degenerate primers to randomize positions 366, 368 and 407 using standard techniques. 

After 2 to 5 rounds of selection, the fraction of fiill length clones was 90%, 60%, 50% and 10%, 
respectively, as judged by agarose gel electrophoresis of single-stranded DNA. Phagemids containing fiill 
1 0 length clones were gel-purified after 5 rounds of selection. Two thousand transfonnants were obtained after 
retransfwrning XLl-BLUE™ ceUs (Stratagene). 

A mean of >10^ copies of each clone was used per round of panning. Thus, numerous copies of eadi 
clone in die library were likely available for selection, even though some deletion mutants arose during 
panning. 

1 5 After 7 roimds of panning, the Cj|3 mutants obtained sq>proached a consensus amino acid sequence 

at the randomizedresidues. Virtuallyall cloneshad serineorthreonineat residue 366 indicadnga very strong 
preference for a P-hydroxy 1 at this position. A strong preference for hydrophobic residues was observed for 
residues 368 and 407, with valme and alanine predommating. Six different amino acid combinations were 
recovered at least twice, including the triple mutant, T366S:U68A:Y407V, whidi was recovered 1 1 times. 

20 None of these phage seiectants has an identical sequence to a previously designed heterodimer, 
T366WA'407'A (Ridgway, J. B. B^ et al., (1996), stqfra. The phage seiectants may be less tightiy padced 
tiian die wild-type 0^3 homoduner as judged by a 40-80 reduction in total side chain volume of the 
domain interne residues. 

Ch3 variants encoded on the expression plasmid pAK19 (Carter et aL 1992) were introduced into 

25 Kcoli strain 33B6, expressed, and secreted from K coli grown to high cell density in a fermentor. The 
T366S:L368A:y407Vmutant purified by DEAE-Sepharose FF, ABx and Resource S chromatography gave 
a single major band following SDS-PAGE. Other Ch3 variants wer« recovered widi similar purity. The 
molecular masses of wild-type Ch3 and T366S:L368A:Y407V, T366W and Y407A variants determined by 
high resolution electrospray mass spectrometry were as expected. 

30 B. Ph?gg-SglgCtedh?terodifp^st^bility. The stability of 0^3 hetoodimm was first assessed 

by titrating corresponding phage wiA guanidine hydrochloride, followed by dilution and quantification of 
residual heterodimer by enzyme-linked immunosorbent assay (ELISA). The guanidine hydrochloride 
denaturation assay with C^3-phage provides a means to screen selectaiits r^idly. 

Pha^ werepreparedfrom individualclonesfollowing7 rounds of selection and also from the control 

35 vector, pRAl. Briefly, phagemids in XLl-BLUE™ were used to inoculate 25 ml LB broth containing 50 
jig/mlcarbeniciUinand 1 O^g/ml tetracycline m die presence of 10^ pfij/ml Ml 3K07 and incubated overnight 
at 3TC. The cells w^e peUeted by cratrifiigation (6000 g, 10 mm, 4 X). Hiage were recovered torn die 
supOTiatantby precipitation with 5 ml 20 % (w/v) PEG, 2.5 M NaCl foUowed by centrifiigation (12000 10 
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min; 4 *»C) and then resuspended in 1 ml PBS. 1 80 jil 0-6 M guanidine hydrochloride in PBS was added to 
20 ^1 phage preparations and incubated for 5.0 min at approximately-25 **C. Aliquots (20 ^I) of each phage 
sample were then diluted 1 0-fold with water. The presence of Cj|3 heterodimer was assayed by ELISA using 
5B6-coated plates and detecting the phage with an anti-M13 polyclonal Ab conjugated to horseradish 
5 peroxidase. using o-phenylenediamine as fte substrate. The reaction was quenched by the addition of 50 ^1 
25 M H2S04andtheabsorbancemeasuredat492nm. Tlieabsorbance data were plotted against the guanidine 
hydrochloride concentration during the melt and fitted to a 4 parameter model by a non-linear least squares 
mediod using Kaleidagrq)h 3.0.5 (Synergy Software). 

The most frcquentiyrecoveredheterodnner.T366W/n66'S:L368'A:Y407'V, is similar in stability 

10 to other jAage-selected heterodimers. This phage-selected heterodimer is significantly mor« stable than the 
designed heterodnner, T366W/Y407'A but less stable than the wild-type 0^3. All 0^3 variants, both 
individually and in combination, were found to be dimers by size exclusion chromatography under the 
conditionsthat these same molecules were studied by calorimetry (1.75 mg/ml, in phosphate-buffered saline 
(PBS)). The only exception Was tiie T366S:L368A:Y407Vmutant alone which had a slightly Sorter r^ticm 

15 time than C^3 dhners. 

A 1:1 mbrture of T366W, protuberance, and T366SJJ68A:Y407V, cavity, mutants melts with a 
single transition at 69.4 X, consistent with subunit exchange and fcwmation of a stable heterodimer. In 
contrast, the T366 W protuberance homodimer is much less stable than the T366W/T366'S:L368' A: Y407' V 
piotubaance-into-cavityheterodimer(ATm=-15.0*»C). Hie T366S:L3d8A:Y407Vcavity mutant on its own 

20 is prone to aggregate upon heating and does not undergo a smooth melting transition. 

TTie designed cavity mutant, Y407A, mehs 9t 58.8 "C and 65.4 *C in tiie absoice and presence of the 
T366W protuberance mutant, respectively. This is consistent wiA subunit exchange and formation of a 
T366WAr407'A heterodimerthat has greats stability than either T366W (AT^ = 1 1 .0 **C) or Y407A (AT„, 
= 6.6 **C) homodmiers. The phage-selectedhetcrodimer,T366W/T366'S:L368'A:Y407'V, is more stable than 

25 tiie designed heiCTodimer, T366W/Y407'A, (AT,„ = 4.0 ''CX but is less stable than the wild-type Ch3 
homodimer (AT„ = -11.0 ^). 

C. Multimmzation of a Phage-selected antibody immunQadhesin (Ab/Ta^ in vfun, Phage- 
selected and designed 0^3 mutants were compared in their abilhy to direct the formation of an Ab/Ia hybrid, 
anti-CD3/CD4-IgG in vivo (Chamow ei al,, (1994), supra. This was accomplished by coexpression of 

30 humanized antt-CD3 light (L) and heavy chains toge&er with CD4-IgG. Fonnation of heterodnners and 
homodimeis was assessed by protem A purification followed by SDS-PAGE and scanning laser densitometry 
(Ridgway, etoL, (1996),«(p/w). Comparable yields of Ab/Ia hybrid were recovwed fium cotransfections in 
which the anti-CD3 heavy diain contamedtiie designed protuberance mutation, T366W, and the la contained 
either the phage-selected mutations, T366S:L368A:Y407V, or designed cavity mutation, Y407A (Fig. 3). 

35 Phage-selected and designed 0^3 mutants were next evahiated in tiieir propensity to form 

homodimers. The protuboance mutation, T366W, is apparentiy very disruptive to homodimerization since 
cotransfection of corresponding antibody heavy and light chains leads to an excess of HL monomers (may 
inchide non disulfide-bondedlgO) oyer IgG. In contrast, IgG but no HL monomers are observed for tiie same 



47- 



wo 98/50431 



PCTAJS98/08762 



antibody containing wild-type domains. The cavity mutations. T366S:L368A:Y407V, are somewhat 
disruptive to homodim^ization since transfection of the corresponding phagemid leads to a mixture of 
predominantly la dimers with some la monomers. The cavity mutation, Y407A, is minimally disruptive to 
homodimerizadon as judged by the presence of la dimers but no la monomers following transfection of the 
5 corresponding phagonid 

The phage display selection strategy described herein allows the selection in favor of C^S mutants 
tfiat form stable heterodimers and selection against mutants that form stable homodimers. The counter 
selection against homodimers occurs because ^^free" 0^3 mutants will compete with the flagged CjjS knob 
mutant for binding to available C^B mutant-gene III fusion protein. The free €^3 mutants arise as a resuh 
1 0 of the amber mutation between the natural 0^3 gene and M13 gene III. In an amber suppressor host sudi as 
XLl-Blue, botii C^B-gCTe III fusion protein and corresponding free 0^3 will be secreted. 

Guanidme hydrochloridedenaturation proved to be a useful tool for the preliminary screenmg of the 
stability of Cjj3 heterodimers on phage. Phage maintain infectivity for E coli even after exposure to 5 M 
guanidinehydrochbride (Figini et al., J. Mol. BioL 222:68-78 (1994)). Thus, guanidine may also be useful 
15 to increase tiie stringency of mutant selection. 

Rational design and screening of phage display librariesare complementaryapproachesto rwnodeling 
a domam interface of a homodimer to promote heterodimerization. In tfie case of Ch3 domains, designed 
mutants identified domain interfecc residues that could be recruited to jwomote hcterodimerization. Phage 
display was then used here to search permutations of 3 residues neighboring a fixed protuberance for 
20 combinations that most efficiently form heterodimers. Phage selectants are useful to fecilitate further rational 
redesign of the domain inter&ce, while tiie phage selection strategy described herein demonstrates its 
usefuhiess for lemodeliiig protein-|Hotem interfaces. 

ET^mpte 4; qgngratioti and assembW of heteromultimeric antibod ies or antibodv/immrnioadhestiis having 
common light chams 

25 The following example demonstrates preparation of a heteromultimeric bispecific antibody sharing 

the same light chain according to the mvention and the ability of that antibody to bind its target antigais. 

A. Mentificationof antibodies that share tiie same light c hain: Comnarison of antibody libraries raised 
to eleven antigens 

A laige human single cham Fv (scFv) antibody library (Vaughan et ai. (1 996), supra) was panned 
30 for antibodies specific for eleven antigens mcluding Axl(human receptor tyrosine kinase ECD\ GCSF-R 
(human granulocyte colony stimulatmgfector receptor ECD), IgE (murine IgE), IgE-R (human IgE receptor 
a-diainX MPL (human thrombopoietinreceptortyrosine kinase ECD), MusK (humanmuscle specific receptee 
tyrosine kinase BCD), NpoR (human orphan receptor NpoR ECD), Rse (human receptor tyrosine kinase, Rse, 
ECD). HERS (human receptortyrosine kinase HER3/c-erbB3 ECDX Ob-R (human leptin receptor ECD), and 
35 VEGF (human vascailar endoAelial growth fector) where ECD refers to the extracellular domain. The 
nucleotide sequence data for scFv fragments from populations of antibodies raised to each antigen was 
trainslated to derive corre^dmg protein sequoices. The Vl sequaices wot then compared using the 
program "align" with the algorithm of Feng and DooMe (1985, 1987, 1990) to calculate the percentage 
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identity between al] pairwise combinations of chains (Feng. D.F. and Doolittlc, R,F. (1985) J. Mol. Evol. 
21:1 12-123; Feng. DJ. and Dooiittle, ILF. (1987) J. MoL Evol. 25:351-360; and Feng. D.F. and Dooiittle, 
R.F. (1990) MeAods Enzymol. 182:375-387). The percent sequence identity results of each pairwise light 
diain amino acid sequence comparison were arranged in matrix format (see Appendbc). 
5 For most pairwise comparisons, at least one common light chain sequence was found. Table 5 is a 

comparison of the chains showing the frequencies of scFv sharing identical light chains (100% ideirtity) 
determined by alignment of 1 17 Vl amino acid sequences. For example, the entry 4/9 (HER3 x Ob-R, 
highlightedin ablack box), denotes Aat4 clones Aat bind HEIG we^ share Aeir Vl sequence with 

one or more anti-Ob-R clones, whereas 9 clones bindmg the Ob-R ^lare their Vl sequence with one or more 

10 anti-HER3 clones. The entries on the diagonal represent the number of antibody clones witiiin a population 
that share a Vl sequence witii one or more clones in the populatiim.. For example, examinaticm of the MPL 
clones revealed5 clones that shared their Vl sequence with one ot more other MPL clones. In die cases where 
no common light chain sequence was observed, such as for QgE x Axl) or (NpoR x IgE-R), Ae number of 
fragments compared for at least one specificity was very small (5 or less). Given Ae number of common light 

1 5 chains found, it is likely diat common light chains can be found for any Vl comparison if a sufficient number 
of clones are compared. 

Hie amino acid sequences of light chains vvere examined for the positions of amino acid residue 
differences when the sequence identity relative to a chosen common light chain was 98% and 99%, Fig. 4 is 
a comparison of Vl sequences of eight difFoent antibodies with specificities for Axl (clone Axl.78), Rse 

20 (clonesRse.23,Rse.04,Rse.20,andRse.l5XIgER(cloneIgERJ4AT2ClGllX^ 

(clonevegfj), Tlie position of the antigen binding GDR residues according to a sequence definition (Kabat, 
G. A., et al, (1 991) si^a) or structural definition (Chothia and Lesk, (1987) J. Mol. Biol. J2fi:901-917) are 
shown by underliningand #, respectively. Light chain residues that differ fit>m the Axl.78 sequence are shown 
by double undwiining. Of die 9 light chains compared, 6 are identical. ITie light chains of Rse.04 and obr.4 

25 (approximateIy99%sequenceidentity)diffa'by cmeresidue outside of the antigen binding CDRs. The li^t 
chain of Rse20(approximately98% sequence identity)difFers by two residues 

CDRs. The amino acid residue changes may have little or no affert on antigen binding. Thus, die sequence 
simUarity of these light chains makes them candidates for the common light chain of the mvention. 
Alternatively, according to the invention, such light chains having 98-99% sequence identity with the light 
30 chain of a prospective paired scFv (AxL78, for example) may be substituted widi the paired light chain and 
retain binding specificity. 

B. MgPtifig^tipnpf ^tibodiesthat share the same light chain and c cmstnictiQii of a bispecificantibftdv 
sharing that light chain: Anti-Oh-R/Anti-HFRr 

ScFv fiagmoits that bound human leptin receptor (Ob-R) or the extracelhilardomain of die HER3/c- 
35 eibB3 gene product (HERS) were obtained by diree rounds of panning ming a large human scFvph^^ 

(Vaughan et al. (1996), sig^ra). Leptin recqrtor-IgG and HER3.IgG (10 pg m 1 ml PBS were used to coat 
separate Immunotubes(Nunc; Maxisorp) overnight at 4oC. Panning and phage rescue were thai perfomed 
as described by Vaughan et a!. (1996), supra, with the foUowing modifications. A humanized anUl)ody, 
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hu]VlAb4D5.8 (Carter. P. et al. (1992) PNAS USA 22:4285-4289) or humanized anti-IgE (Presta. L. et a/. 
(1993) J. Immunol. J5l:2623-2632)at a concoitrationof 1 mg/ml was included in eadi panningstep to absoib 
Fc-bindingphage. In addition, panning in solution (Hawkins, R. E., c/ a/. (1992) J. Mol. BioL 226:889-896) 
was also used to identily scFv binding leptin receptor. TTie ieptin receptor was separated from the Fc by site- 
i specific proteolysis of leptin receptor-IgG witfi Ae engineered protease, Genenase (Carter, P., et d. (1989) 
Proteins: Structure, Function and Geneticsfr240-248)followed by protein A Sephan)sechromatography. TTie 
l«q>tin receptorwas biotinylatedand used at a coocentration of 100 nM, 25 nM and 5nM for the first, second, 
and third rounds of panning, respectively. Phage binding biotinykited antigen were captuied using 
streptavidiii-coated paramagnetic beads (Pynabeads, Dynal, Oslo, Norway). 

Clones fnm rounds 2 and 3 of each panning were screened by phage and scFv ELISA using the 
conespondmg antigen and also a control immunoadhesinor antibody. The diversity of antigen-positiveclones 
wasanalyzedby PCR-amplificationof thescFvinsertusmgthe primers, filtetseq and PUC reverse (Vaughan 
etal. (1996),«9»ra) and by digestion with BstNI (Maries cffl/. (1991) jijwa). One to five clones per BstNI 
frngeiprintwerethencycle-sequencedusingfluorescentdideoxy chain terminators(Applie^ 
PGR h««vy link and myc seq 10 primen (Vaughan et al. (1996), supra). Samples were analyzed using an 
AppliedBiosystems Automated DNA Sequencer and sequences analyzed usmg SeqEd. It is also noted that 
the quanidine hydrochloride antibody denaturation and in vitro chain shuffling method of Figini combmed 
with phage display selection is useful as amethod of selectingantibodies having the same light chain (Figini. 
M. er a/. (1994). jt^mz. herein incorporated by reference in its entirety). 

Usmgflie meAoddescribedabove, eleven diffaem anti-HERS clones and 18 anti-Ob-R clones (1 1 
form panning using coated antigen and 7 fiompanning with bfotinylated antigen) were obtained. TTie clones 
were sequenced by standard techniques to determine die sequoices of fte light chains associated with each 
bindingdomain(Fig. 5). Hjc sequences are the V„ andcommon Vl sequcncesof the antiOb-R clone 26 and 
anti-HER3 clone 18 used to constructa bispecific antibody (see below). TTieresiduesare numbered according 
to (Kabat, E A., e/ a/. (1991) iipra). The position of tiie antigen binding CDR residues according to a 
sequencedefinition(KabatetaL(1991)«pra)orstructuraldefmition(Chotfiiaandl^ 
(1987) J2fi:901.917)are shown by underlinmg and overiining. respectively. Identity bc^een residues m tiie 
Vii sequences is indicated by *. 

TTie sequences of the light chains were compared for multiple anti-HER3 clones relative to muhqjle 
30 anti-Ob-R clones (Fig. 8 and Table 5). It was observed dut four out of eleven anti-HER3 clones share 
identical VLwitfi one or more anti-Ob-Rreceptorckmes. Conversely, nine out of eighteen antiOb-R clones 
share the same Vl as one of the anti-HER3 clones (See Table 5, bladcened box). 
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Construction of anti-Ob-R/anti-HER3, a bispecific antibody having a common light chain was 
perfonned as follows. Altered Cj^3 first and second polypeptides having the complementary protuberances 
and cavities as well as the non-naturally occurring disulfide bonds between the first and second polypeptides 
were used in the construction of a Fc^ntaining bispecific antibody. The Vl from anti-Ob-R clone #26 and 
5 anti-H£R3 clone #] 8, whidi clones share die same light chain, as well as die heavy chains from each antibody 
were used to prepare the bispecific antibody according to the procedures disclosed herein. 

This antibody had an electrophoretic mobility shift in q>parent molecular weight relative to a 
bispecificantibody that differed only by a lack of alterations for graerating non-natural disulfide bonds. An 
8% SDS-PAGE gel of heterodimeric antibody variants with and witiiout non-naturally occurring disulfide 
10 bonds showed a mobility shift from approximately 230 apparent MW for wild type heterodimer to 
approximately 200 apparent M W for a heterodim^having one non-natural disulfide bond. The MW shift was 
sufficient to allow determination of the percent of each variant that successfully formed the non-natural 
disulfide bond 

Hie binding specificity for botii Ob-R and for HER3 of the bispecific antibody is tested by standard 

1 5 EUSA proceduressuch as the foUowmgmethod. Ob-R binding b demonstratedm an EUSA assay with Ob-R 
present as an Ob-R-Ig fusion protem. The Ob-R-Ig fusion protem is coated onto the well of a 96-well 
microtitre plate and the bispecific antibody is added. 

Hie well is washed several times to eliminate non-specific binding to Ob-R-Ig. As a second 
component in the same assay, a biotinylated HER3-Ig fusion protein is added and detected by means of 

20 streptavidin-horseradishperoxidase complex binding to the biotinylated H£R3-Ig fusion protein. Bindmg b 
detected by generation of a color change upon addition of hydrogen peroxide and TMB peroxidase sul>stiate 
(Kirkegaard and Perry Laboratories, Gaithersburg, MD). 

Under the conditions just described, the binding of a bbpecific antibody to both Ob-R-Ig and to 
HER3-Ig would be ol^erved as detectable label immobilized on the surface of the microtitre well due to the 

25 formation of a complex comprbing hnmobilized Ob-R-Ig/bispecific antibody/HER3-Ig biotin/detectably 
labeled streptavidin. Antibodies that bind Ob-R-Ig, but not HER3-Ig, do not form the above complex, 
providing a negative result Similarly, antibodies that bind to HER3-Ig, but not Ob-R-Ig, do not form the 
above complex and provide a negative result In contrast, the bispecificantibody expected to bind botfi Ob-R- 
Ig and HER3-Ig, forms the complex yieldmg a positive result in die assay, demonstrating that the bi^^ecific 

30 antibody, having a common light chain, binds both HERB and Ob-R. 

Expressionand purificaticmof the anti-<0b-R/HER3)bbpecific antibody was performed as follows. 
Human cmbryonickidney 293S ceUs were transfected with tiffee plasmid DNAs each separately encoding anti- 
Ob-R heavy chain, anti-HER3 heavy chain, or the light diain from clone 26 or 1 8 tiiat was common to each 
of the antibodies,as described Ji^pra. For each transfection, the ratio of heavy chain-encoding DNA to light 

35 chain-encodingDNA was 1 :3 so tiiat light chain would not be limiting for assembly of anti-Ob-R/anti-HER3 
bispecific antibody. Both heavy diains were transfected in a 1:1 ratio witii respect to each otho-. 12 \ig of 
total plasmid DNA was tiiai co-transfected into 293S cells by means of calcium phosphate precipitation 
(Gorman, C, DNA Cloning, VoL D, DM. Glover, ed., IRL Press, Oxford, p. 143 (1985)). Hie celb were 
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washed with PBS prior to adding growth media intended to enhance protein expression. Fc-contaming 
proteins were purified fiom cell supcmatants using immobilized protein A (ProSep A. BioProcessing Ltd., 
UK) and bnflFer-exchangedinto PBS. lodoacetamidewas added to protein preparationsto a final concentration 
of 50 mM to prevent reshuffling of disulfide bonds. 
5 As an additional example, expression and purification of an anti-(CD3/CD4) 

antibody/immunoadhesin was performed as follows. Human rabryonic kidney 293S celk were transfecled 
whh threeplasmidDNAs.eachplasmidseparateIyencodinganti-gD3 Ught chain, anti-CD3IgG, heavy chain, 
or anti-CD4 IgG, immunoadhesin. For each transfection, the ratio of li^t chain-encoding DNA to heavy 
chain-encoding DNA was 3:1 so that light-chain would not be limiting for assembly of anti-CD3 IgG. 
10 Additionally.because the immunoadhesin is poorly expressed, Ae ratio of immunoadhesin encoding plasmid 
was added m excess to heavy chain encoding plasmid. The ratios'tested ranged from 3:1 :3 through 8: 1 :3 for 
immunoadhesinJieavychain:Ught chain phagemids. 10 pig total plaanid DNA were then co-transfected into 
293S cells by means of calcium phosphate precipitation (Gorman, C.(1985), supraX washing cells with PBS 
prior to transfection. Fc^on'taining proteins were purified from cell supcmatants usmg immobilized protein 
A (ProSep A. BioProcessingLtd., UK) and buffer-exchanged into PBS. lodoacetamide was added to protein 
preparations to a final koncentration of 50 mM to prevent reshuffling of disulfide bcmds. 

Ineachoftheabovepreparations,proteinsampleswereclectrophoresedon 8% polyacrylamide gels 
(Novex) and visualized by staining with Serva blue. Gels were de-stained leaving a faint backgromid in an 
effort to allow visualization and quantitation of minor contaminants. Dried geb were scanned with the 
scanning densitometer (GS-670, BioRad) and protein products were quantitated with Molecular Analyst 
software. 

Non-natural(enginecred)disulfide bonds introducedmto tiie Ch3 domwn has been disclosed herein 
to enhanceheterodimerforraation. Onepair of polypeptides,K392CVD399*C,enhancedheterodimerforma^ 
by graerating up to 76% heterodimer (Table 4. variant v6). Moreover, when the presence of an inter-chain 
disulfide bond was combmed widi the protuberance-into-cavity technology, approximately 95% heterodimer 
was obtained (Table4 variants vl 1, vl2, and vl6). Thus, the method of the invention of increasing specific 
protein/protem intOTction between the first and second polypeptides of a bispecific antibody increases the 
yield of desiredhetCTomulthnerandminimizesthe formation of undesircdheteromultimersorhomQmultimers. 
In addition, die mediod of characterizing the product heteromultnnCTS by electrophoretic mobility 
30 analysisallows for die detOTiination of die relative amount of desired heteromultimers relative to undesired 
products. 

Selection of a common light chain as described herein furAer increases yield of die desired 
heteromultimer by eliminating die possibility of mispairing between variable heavy chains and light chains 
of a muhispecific antibody. 

C. MCTtifipatjonftf antiMit^thflt ffhary the same lipht chain and constmcrin n of a bi^ ifir rmt^-y^y 
sharing that light chain! Anti- Mol/Anti-HKR^ 
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Identificadon, construction and expression of another bi^ecific antibody of the invention is 
demonstrated herein. The mediods describedin Parts A and B of this example were utilized for the preparation 
of the anti-MpI/anti-HER3 bispecific antibody. 

Using the methods described in Section A of this example (Comparison of antibody libraries raised 
5 to eleven antigens),5i{pnz, the and Vl amino acid sequences of Ae anti-H£R3 scFv were compared wiA 
23 scFv that bind to the human thrombopoietin receptor, c-Mpl. Five of the eleven anti-HER3 clones share 
an identical Vl amino acid sequence with one or more Mpl-binding clones. Conversely, seven out of twenty- 
three anti-Mpl scFv shared the same as one of the anti-HER3 clones (see Table 5, Ji(pra, open box). In 
contrast, the Vjj amino acid sequences were much more diverse, with an identity level of 40 to 90% between 
1 0 any anti-MpI and anti-H£R3 clone. 

The anti-Mpl scFv, 12B5 (Genbank accession riumber AF048775; SEQ ID NO:27) and anti HERS 
scFv clone H6 (Genbank accession number AF048774; SEQ ID NO:28) utilize identical Vl sequences and 
substantially different Vjj sequences. These scFv ftagments were used to construct the anti-Mpl/anti-HER3 
bispecific IgG antibody capable of efficient heterodimerizationdue to the shared light chain as well as tirough 
15 the use of knobs-into-holes mutations (described herein) and an engineered disulfide bond between the Ch3 
domains. Antibodies that share tfie same L chain were chosen to circumvent the problem of L chains pairing 
with non-cognate H chains. Two naturally occurring hinge region disulfide bonds were also present The 
common L diain was cotransfected with the two H chains containing tf»e Ch3 mutations from variant vl 1 , 
Hie IgG products were purified by protein A affinity chromatogri^hy and analyzed by SDS-PAGE using 
20 standard tedmiques. 

TTie bispecific IgG antibody (BsIgG) preparation gave rise to a single major band showing greater 
mobility than IgG containmgwild-typeCjP domams, Thismcreaseinelectrophorcticmobilitywasconsistrat 
with the formation of the engineered disulfide bond in the BsIgG forming a more compact protein species. 
The ability oftheengineeredanti-Mpl/anti-HEIGBsIgGandTx)dyto bind bot^ and HER3 ECD 
25 antigens was assessed usmg an ELISA as follows. Using PBS buffer in all steps, individual wells of a 96 well 
plate (l^axisorp. Nunc) were coated overnight with HER3-IgG or MpWgG at 5 pg^ washed and then 
blocked for 1 hour with 0.5% (w/v) BSA. The primary antibodies were the anti-Mpl x anti-HER3 BsIgG 
containing the mutations, Y349C:T366S:U68A:Y407V/T366'W:S354'Cpnd correspondingparentalanthMpl 
or anti-H£R3 IgG with mutated Fc regions. The primary antibodies (1 \ig/mL) were individually incubated 
30 at 2 h at 23*» C with biotinylated HER3-IgG and a 1 :5000 dilution of streptavidin-horse radish peroxidase 
conjugate (Boduinger Mannheim) and Aen added to the wells and incubated for an additional 1 h at 23** C. 
Peroxidase activity was detected vrith TMB reagaits as directed by die vendor (Kirkegaard and Perry 
LaboratOTies, Inc., Gaithersburg, MD). 

As anticipated, the anti-Mpl/anti-HER3BsIgG bound efficiently and simultaneouslyto each Mpl and 
35 HER3 ECD antigens individually as well as to both antigens simultaneously. By contrast, the parental anti- 
Mpl and parental anti-HER3 IgG bound only to their corresponding cognate antigen (Fig. 6). 

AntitKrfjgSPPntainingan eneineeredFc region are capable nf efficient antihodv - dependent cell- 
myiiatgd cy^pxfeity. 
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To demonstrate that the ragineCTed region (C||3 mutations, supra) utilized in generating the 
exemplified bispecific antibodies of the invention is capable of efficient antibody-dependent cell-mediated 
cytotoxicity (ADCC), the following experiment was performed. 

The C))3 mutations maintain the ability to support efficient antibody-dependent cell-mediated 
5 cytotoxicity (ADCC) as demonstratedusing die method of Lewis, G J), et al. (Lewis, G.D, et al. ( 1 993) Cancer 
Immunol. Inmiunother. 21:255-263, hereby incorporated by reference in its entirety). Briefly, cytotoxicity 
I assays were p«rformed with ^*Cr-labeledSK-BR-3 and HBL- 100 target cells (ATCC accession numbers HTB- 
30 and 45509, re5pectivi^ly)and humaii peripheral blood lymphocytes as effector cells. However, unlike Lewis 
et al., the lymphocytes wot not activated with IL-2. 
10 The Ch3 mutations S354:T366W and Y349:T366S:U68A:Y407V were mtroduced separately into 

the H chain of the humanized anti-HER2 antibody, huMAb4D5-5 prepared by Carter et al. (Carter, P. et al. 
(1992) PNAS USA 82:4285-4289). Antibodies containing remodeled and wild-type Fc regions had similar 
potency in ADCC witii the HER2-overexpressingbreast cancer cell line, SK-BR-3 (Fig. 7). Botii remodeled 
and wild-typeantibodies showed ccnnparable, low activity against the normal breast epidielial cell line. The 
1 5 effects in the H-chain are independent of the bmding domams, predicting that these BsIgG*s will function in 
antibody-depradent cell-mediated cytotoxicity. 

Hie instant mventimi is shown and desolbed herein in what is considered to be the most practical, 
and the jneferred embodiments. It is recognized, however, that departures may be made therefrom which are 
within the scope of tiie invoition, and that obvious modifications will occur to one skilled in the art upon 
20 readingtiiis disclosure. All references provided herein are herein incorporated by reference in their entirety. 
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Wh^ is clainied is: 

CLAIMS 

1. A me&odof pTiBi>ariDga multispecificantibody comprising a first polypeptide and at least one 
additional polypeptide, wherein 

(a) the first polypeptide comprises a muWrnaization domain fonnmg an interface positioned to 
interact with an mterfece of a muhimerizaticm domain of tiie additional polypeptide, 

(b) the first and additional polypeptides each comprise a binding domain, the binding domain 
comprising a heavy chain and a light chain, wherem die variable light chains of the first and additional 
polypeptides comprise a conmion sequence, the method comprising die steps of: 

(i) cuhuringa host cell comprisingnucleic acid oicodmgthe first polypeptide and additional 
polypeptide, and the variable light chain, wherein the culturing is such tfiat die nucleic acid is expressed; and 
(iO recovering the muStispecific antibody from the host cell cuhure. 

2. The mediod of claim 1 , wherein the nucleic acid encoding the first polypeptide or the nucleic acid 
encoding the additional polypeptide, or both, has been altered from die original nucleic acid to encode Ae 
int^face or a portion thereof. 

3. Tbe method of claim 2 wherein the multimerization domams of one of the first or additional 
polypeptides, or bodi, are altered to comprise a finee thiol-containing residue which is positioned to intoact 
with a free thiol-containingresidue of the interface of die other of die first or additional polypeptide such diat 
a disulfide bond is formed between die first and additional polypeptides, wherein the nucleic acid ^coding 
the first polypeptide has bcoi ahered fixmi the original nucleic acid to encode the free thiol-containing residue 
or die nucleic acid encoding die additional polypeptide has be«i altered from die original nucleic acid to 
encode the fiee thiol-containing residue, or bodi. 

4. The mediod of claim 1 wherein die muhimerizadon domains of the first and additional 
polypeptides comprise a jwotubOTnce-into-cavity mteraction, wherein die mediod fiirdier comprises: 

generating a protuberance by altering die original nucleic acid encoding die first polypeptide to 
mcode an import residue having a larger side cham volume dian die original residue, and 

generating a cavity by altering die original nucleic acid encodingdie additionalpolypeptideto encode 
an import residue havmg a smaller side chain vohime dian the original residue. 

5. The method of claim 4, wherein die steps of generating a protuberance or generating a cavity, or 
bodi, occurs by phage display selection. 
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6. The method of claim 4 wherein the import residue havmg a larger side cham volume tiian Ae 
original residue is selected from the group consistmg of arginine (R), phenylalanine (FX tyrosine (Y), 
tryptophan (W), isoleucme (I) and leucine (L). 

7. The method of claim 4 wherein the import residue having a smaller side chain vohmie than 
the original residue is selected from the group consisting of glycine (G), alanine (AX serine (SX threonine (T). 
and valine (V), and wherein tiie nnport residue is not cysteine (CX, 

8. The method of clann 1 wherem the first and additional polypeptide each comprisean antibody 
constant domain. 

9. The method of claims 8 wherein the fust and additional polypepddeeach comprise an antibody 
constant domain selected from the group consisting of a Cy^ domain and an IgG. 

10. The method of claim 1 wherem the multispecific antibody is an immunoadhesin. 

t 

1 1 . The method of claim 1 wherein step (i*) is preceded by a step wherein the nucleic acid encoding 
tiie fbst and additicmal polypeptide is introduced into the host cell. 

12. A muhispecific antibody prepared by the method of clahn 1. 

13. A multispecificantibody comprisinga first polypeptide and at leastone additional polypeptide 
whidi me^ at an inter&ce, wherein 

(a) the first polypeptide comprises a muitimerization domain forming an intoface positioned to 
interact with an interface of a muitimerization domain of the additional polypeptide; and 

(b) the first and additional polypeptides each comprise a binding domain, the binding domam 
comprisinga variable heavy chain and a variable light chain, wherein the variable light cham of die first and 
additional polypeptides comprise a common sequence. 

14. Tbemultispecificantibodyofclaim 13, whereinthenucleicacidencodingthefirstpolypeptide 
or the nucleic acid encoding the additional polypeptide, or both, has been altered from the orignial nucleic add 
to encode the mter&ce or a portion diereof. 

15. The multispecificantibody of claim 14 whereinthe firstpolypeptideint^-fececomprisesa fiee 
thiol-containingresidue which is positioned to interact with a free Aiol-containmg residue of the inter^ of 
the additional polypeptidesuch that a disulfide bond is formed between the first and additional polyp^tides, 
whaein the nucleic acid encoding the first polypeptide has been altered from the original nucleic add to 
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encode the free thiol-containing residue or the nucleic acid encoding the additional polypeptide has been 
altered from the original nucleic acid to encode die free diiol-containing residue, or both. 

16. The muhispecificantibody of claim 14 wherein the interface of the muhimerization domains 
of die first and an additional polypeptide comprise a protuberance and cavity, respectively. 

17. Hie niuttispecific antibody of claim 16 wherem the protuberance and cavity are generated by 
alterations in which naturally occurring amino acids are imported into the first and additional polypeptides. 

18. A composition comprismg the multispecific antibody of claim 13 and a earner. 

19. A host cell comprising nucleic acid encoding the multispecific antibody of claim 13. 

20. The host cell of claim 19 wherein the host cell is a manunalian cell. 

21. A method of preparing a multispecific antibody comprising: 

(a) selecting a first nucleic acid encoding a first polypeptide comprising an amino acid residue in 
the inter&ce of the first polypeptide is replaced wtdi an amino acid residue on an additional polypeptide, and 
selecting at least one additional nucleic acid encoding at least one additional polypeptide so that the amino add 
residue on die additional polypeptide specifically interacts with die amino acid residueon the first polypqstide, 
thereby generating a stable interaction between the first and additional polypeptides; 

(b) selecting a light chain encoding nucleic acid sequence, wherein the light chain is meant to 
associate with die binding region of each first and additional polypeptide of die multispecific antibody; 

(c) introducing into a host cell the first and additional nucleic acids and the light diam-encoding 
nucleic acid, and cuhuring die ceU so diat e?q>ression of die first and additional nucleic acids and the light 
chain-encoding nucleic acid occurs to fonn the bispecifc antibody; 

(d) recovering the multispecific antibody from the cell culture. 

22. The method of claim 2 1 , wherein at least one of die first and additional nucleic acids of step (a) 
are altered from die original nucleic acid to encode an amino acid in the interface that interacts widi an amino 
acid of the first c»- additional amino acid residue thereby generating the stable interaction. 

23. The method of claim 22 wherein the altering comprises generating a protuberance-into-cavity 
interaction at die inter&ce between the first and additional polypeptides.. 

24. Hie method of claim 22 wherein the aheratmg comprises importing a free diiol-contaming 
residue into die first or additional polypeptide or both, such diat die free thiol-containg residues interact to 
form a disulfide bond between the first and additional polypeptides. 
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25. The method of claim 21 wherein tiie first and additional polypeptide eadi comprise an 
antibody ccmstant domain. 

26. The method of claim 25 wherein the antibody constant domain is a C^S domain. 

27. The method of claim 26 wherein the antibody constant domain is from a human IgG. 

28. A method of measuringthe formationof a heteromultimericmultispecificantibody comprising 
a first and at least one additional polypeptide from a mixture of polypeptides, wherem 

(a) the first and additionalpolypeptides meet at an interface of a multimerization domain of each of 
the Orst and additional polypeptides, ' . 

(b) the interfece of the first polypeptide comprises a free thiol-contamingresidue which is positioned 
to interact witii a free thiol-containing residue of the interface of the additional polypeptide such tiiat a 
disulfide bond is formed, the method comprising tiie steps of: 

(i) causing each of the multi^ecific antibodies to migrate in a gel matrix; and 
(iO detennining the relative amount of a band corresponding to the multispecific antibody 
having a non-naturally occurring disulfide bond between the first and additional polypeptides, and a slower 
migrating band corresponding to a heteromultimer lacking non-naturally occurring disulfide bonds between 
tiie first and additional polypeptide. 

29. TTie mediod of claim 28 wherein the muhimerization dcHnains encode a protuberance-into- 
cavity interation at die interface, thweby promoting a specific interaction between the first and additional 
polypeptides. 

30. Tbe method according to claim 1, wherein the muhispecific antibody is selected from the group 
consisting of anti-0b-R/anti-H£R3 and anti-Mpl/anti-HER3. 

31. Tbe multispecific antibody of claim 13 selected from tiie group consisting of anti-Ob-R/anti- 
HER3 and anti-MpI/anti-HER3. 

32. The host cell of claim 19, wherem die muhispecific antibody is selected from tiie group 
consisting of anti-Ob-R/anti-H£R3 and anti-Mpl/anti-HER3. 

33. Thecompositionaccordmgto claim 18, wherein tiie multispecific antibody is selected from tiie 
group consisting of anti-Ob-R/anti-HER3 and anti-Mpl/anti-HER3. 
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